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INTRODUCTION

T h e  o v e r a l l  o b j e c t i v e  o f  t h i s  s t u d y  i s  t o  p r o v i d e  i n f o r m a t i o n  o n  t h e

d e p o s i t i o n a l  e n v i r o n m e n t s  a n d  a s s o c i a t e d  g e o l o g i c  p r o c e s s e s  t h a t  c h a r a c t e r -

i z e  t h e  Y u k o n - K u s k o k w i m  D e l t a  c o m p l e x  ( F i g .  1 ) . T h e s e  d a t a ,  i n  t u r n ,  c a n

a i d  i n  e v a l u a t i n g  t h e  p o t e n t i a l  e n v i r o n m e n t a l  i m p a c t s  o f  e x p l o r a t i o n  f o r

h y d r o c a r b o n s  i n  t h e  N o r t o n  S o u n d  r e g i o n .

T h e  s p e c i f i c  o b j e c t i v e s  o f  t h i s  s t u d y  a r e  d i r e c t l y  r e l a t e d  t o  t h e

i n i t i a l  p h a s e  o f  s e l e c t i n g  o f f s h o r e  l e a s e s . T h e y  i n c l u d e :

1 )  P r o v i d e  i n f o r m a t i o n  o n  t h e  a g e  o f  f a u l t i n g  a n d  v o l c a n i s m  i n  the r e g i o n

t o  a i d  i n  d e t e r m i n i n g  t h e  p o t e n t i a l  s e i s m i c  r i s k .

2)  P r o v i d e  i n f o r m a t i o n  o n  t h e  d i s t r i b u t i o n  o f  p e r m a f r o s t  i n  t h e  r e g i o n  t o

a i d  i n  d e t e r m i n i n g  t h e  p r o b a b i l i t y  o f  o f f s h o r e  p e r m a f r o s t .

3) M a p  t h e  d e p o s i t i o n a l  e n v i r o n m e n t s  o f  t h e  m o d e r n  Y u k o n  D e l t a ,  i n c l u d i n g

o f f s h o r e  facies, w i t h  a n  e v a l u a t i o n  o f  t h e  p o t e n t i a l  g e o l o g i c  h a z a r d s

( e . g .  l i q u e f a c t i o n  s u s c e p t i b i l i t y ,  e r o s i o n  a n d  s e d i m e n t a t i o n  p o t e n t i a l )

w h i c h  c h a r a c t e r i z e  e a c h  d e p o s i t i o n a l  e n v i r o n m e n t .

4) Study the seasonality of coastal processes in the Norton Sound region,

emphasizing the patterns and rates of ice movement during the winter

months as determined from satellite imagery.

CURRENT STATE OF KNOWLEDGE

T h e  s u s p e n d e d  s e d i m e n t  l o a d  o f  t h e  Y u k o n  R i v e r  is the 18th largest in

the world (1.nman and Nordstrom 1971), providing over 90Z of the sediment

presently entering the northern Bering Sea (Lisitsyn 1966). The Yukon and

Kuskokwim rivers have combined to form the seventh largest delta plain in

the world (Inman and Nordstrom 1971), yet despite its size, relatively

little is known of its Quaternary history or the processes by which it was

formed.
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A e.igntficant  a m o u n t  o f  w o r k  h a s  b e e n  d o n e  o n  t h e  C e n o z o i c  t e c t o n i c

history of the region (e.g., Patton 1973; Nelson et al. 1974; Marlow et al.

1976) . There have also been numerous studies of Quaternary sediments on the

northern Bering Sea shelf (e.g., Moore 1964; McManus et al. 1974, 1977;

Nelson and Creager 1977; Drake et al. 1979), as well as the Holocene

sediments at the mouth of the Yukon River (Matthews 1973). In addition,

Thor and Nelson (1979) provided a synthesis of the geologic processes and

hazards in the Norton Sound region.

With the exception of the work of Matthews, however, none of these

studies sampled anything but the most distal portions of the Yukon Delta.

In addition, the geologic mapping of the subaerial delta complex has been

largely restricted to regional reconnaissance mapping (e.g., Hoare 1961;

Hoare and Coonrad 1959a, 1959b; Hoare and Condon 1966, 1968, 1971a, 1971b).

This is the first study to deal in detail with the depositio~al environments

and processes of both the delta plain and the associated offshore facies.

STUDY AREA

The combined Yukon-Kuskokwim Delta complex (Fig .  2)  is  an area of

u n i q u e  n a t u r a l  r e s o u r c e s  c o v e r i n g  o v e r  5 4 , 0 0 0  s q u a r e  k i l o m e t e r s . I t  has  a

l a r g e  n a t i v e  p o p u l a t i o n  l i v i n g  i n  l a r g e  p a r t  o n  a  s u b s i s t e n c e  e c o n o m y .  T h e

de l ta  p rov ides  a c cess  t o  mos t  o f  the  spawning  areas  f o r  sa lmon  in  the

r e g i o n . I t  i s ,  i n  a d d i t i o n ,  o n e  o f  t h e  m o s t  s i g n i f i c a n t  b r e e d i n g  g r o u n d s

fo r  migra tory  b i rds  in  Nor th  Amer i ca .

T h e  d e l t a  r e g i o n  i s  l a r g e l y  a  f l a t ,  f e a t u r e l e s s  p l a i n  c o n s i s t i n g  o f  w e t

and  dry  tundra  in te r rupted  by  innumerab le  l akes . Many of  the lakes have

c o a l e s c e d  l a t e r a l l y  t o  f o r m  v e r y  l a r g e  b o d i e s  o f  w a t e r  ( e . g . ,  B a i r d  I n l e t )

c o n n e c t e d  t o  t h e  s e a  b y  a  s e r i e s  o f  a n c i e n t  r i v e r  c h a n n e l s . T h e  f l a t n e s s  o f

the  de l ta  c omplex  i s  in te r rupted  by n u m e r o u s  s m a l l  Q u a t e r n a r y  s h i e l d

vo l canoes ,  the  ma jo r  up l i f t ed  mass i f s  o f  the  Ask inuk  and  Kuzilvak  m o u n t a i n s ,

and  the  Quaternary  vo l can i c  c omplex  tha t  f o rms  Nelson i s l a n d .

T h e  c o a s t l i n e  i s  e x t r e m e l y  v a r i e d ,  i n  p a r t  b e c a u s e  o f  t h e  c o m p l e x

g e o l o g y  a l o n g  t h e  c o a s t ,  a n d  i n  p a r t  b e c a u s e  o f  t h e  l a t e r a l  v a r i a b i l i t y  o f

s ed iment  sources  and  t ida l  range . F o r  e x a m p l e ,  b r o a d  tidal f l a t s ,  l o c a l l y



b o r d e r e d  by s h o r t  b a r r i e r  i s l a n d s ,  f l a n k  t h e  macrotidal Kuskokwim  D e l t a ,

w h e r e a s  t h e  microtida.1  Yukon  De l ta  i s  f r inged  by  d i s t r ibutary  mouth  bars  and

i n t e r d i s t r i b u t a r y  t i d a l  f l a t s . Sandy  beaches  a re  p resent  near  Hooper  B a y ,

w h e r e  Wisconsinan(?)  sed iments  p rov ide  the  source  o f  s ed iments ,  whereas

s t e e p  g r a v e l .  b e a c h e s  a n d  r o c k y  h e a d l a n d s  f o r m  a l o n g  t h e  cliffed s h o r e l i n e s

a t  C a p e  R o m a n z o f ,  P o i n t  Romanof, a n d  N e l s o n  I s l a n d  w h e r e  C r e t a c e u s  b e d r o c k

c r o p s  o u t . M o s t  o f  t h e  r e m a i n i n g  c o a s t l i n e  c o n s i s t s  o f  l o w ,  e r o d i n g  b l u f f s

c u t  i n t o  p o o r l y  c o n s o l i d a t e d  P l e i s t o c e n e  d e p o s i t s .

SOURCES, METHODS, AND RATIONALE OF DATA COLLECTION

G e o l o g i c  m a p p i n g  i n  t h e  delta c o m p l e x  ( i n c l u d i n g  t h e  d e l i n e a t i o n  o f

p o t e n t i a l l y  a c t i v e  f a u l t s )  c o n s i s t e d  o f  t h e  c o m p i l a t i o n  o f  e x i s t i n g  g e o l o g i c

m a p s ,  i n t e r p r e t a t i o n  o f  aerial p h o t o g r a p h y  a n d  s a t e l l i t e  (Landsat) i m a g e r y ,

a n d  f i e l d  w o r k . R e g i o n a l  r e c o n n a i s s a n c e  m a p p i n g  b y  D r .  J o e  H o a r e  a n d

assoc ia tes  a t  the  U .S .  Geo l og i ca l  Survey was available for  most of  the delta

r e g i o n  a t  a  scale of 1:250,000. I n  a d d i t i o n ,  p h o t o g r a p h i c  c o v e r a g e  o f  t h e

e n t i r e  d e l t a  r e g i o n  t a k e n  i n  1 9 5 2 - 5 4  i s  a v a i l a b l e ,  a s  i s  m o r e  r e c e n t

c o v e r a g e  ( 1 9 7 3 , 1976) for much of the coastline. Landsat imagery was also

v e r y  u s e f u l  f o r  r e g i o n a l  g e o l o g i c  m a p p i n g .

F i e ld  work  dur ing  the  summers  o f  1975 -78  inc luded  the  des c r ip t i on  o f

v e g e t a t i o n  a s s e m b l a g e s  a n d  c o l l e c t i o n  o f  n u m e r o u s  g r a b  s a m p l e s  a n d  s h o r t

c o r e s  t o  d e s c r i b e  t h e  v a r i o u s  d e p o s i t i o n a l  e n v i r o n m e n t s ,  t h e  e s t a b l i s h m e n t

a n d  r e o c c u p a t i o n  o f  c o a s t a l  b e n c h m a r k s  to m e a s u r e  t h e  s h o r t - t e r m  r a t e s  o f

s h o r e l i n e  c h a n g e ,  a n d  t h e  c o l l e c t i o n  o f  o r g a n i c - r i c h  m a t e r i a l  f o r

r a d i o c a r b o n  d a t i n g . T h e  r a d i o c a r b o n  d a t i n g  ( U n i v e r s i t y  o f  T e x a s  R a d i o c a r b o n

L a b o r a t o r y ,  A u s t i n )  a i d e d  i n  e s t a b l i s h i n g  t h e  p r o b a b l e  a g e  o f  m o s t  r e c e n t

f a u l t i n g  i n  t h e  d e l t a  r e g i o n . P a r t  o f  t h e  f i e l d  w o r k  a l s o  i n v o l v e d  o b t a i n -

i n g  s e v e r a l  c o r e s  f r o m  t w o  v o l c a n i c  l a k e s  i n  t h e  d e l t a  r e g i o n  u s i n g  a

m o d i f i e d  L i v i n g s t o n  p i s t o n  c o r e r  f r o m  a  f l o a t i n g  p l a t f o r m . These  c o res  a re

being analyzed by Dr.  Tom Ager (USGS, R e s t o n ,  V i r g i n i a )  t o  d e t e r m i n e  t h e

f r e q u e n c y  o f  e x p l o s i v e  v o l c a n i s m  i n  t h e  r e g i o n  ( v i a  a s h  c o n t e n t ) ,  t h e

s o u r c e s  a n d  r a t e s  o f  s e d i m e n t a t i o n ,  a n d  e v i d e n c e  o f  c l i m a t i c  c h a n g e  ( v i a

p o l l e n  a n a l y s i s ) .
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T h e  d e l i n e a t i o n  o f  o f f s h o r e  depositional  e n v i r o n m e n t s  w a s  d o n e  m a i n l y

by i n t e r p r e t a t i o n  o f  s a t e l l i t e  i m a g e r y ,  b a t h y m e t r i c  m a p s ,  a n d  o f f s h o r e  c o r e s

prov ided  by  the  USGS (Men lo  Park ,  Ca l i f o rn ia ) . The Landsat  imagery was

p a r t i c u l a r l y  u s e f u l  i n  d e l i n e a t i n g  t h e  s u b - i c e  c h a n n e l s  d u r i n g  p e r i o d s  of

f reeze -up  and  breakup . E x i s t i n g  b a t h y m e t r i c  d a t a  ( m a i n l y  v i n t a g e  1 8 9 9 ) ,

were  c ompared  w i th  t raverses  ob ta ined  by  RV  Karluk (USGS cruise,  1978)  t o

e s t i m a t e  l o n g - t e r m  r a t e s  o f  e r o s i o n  a n d  s e d i m e n t a t i o n  o f  t h e  d e l t a  f r o n t .

In a d d i t i o n ,  t h e  l o c a t i o n s  o f  t h e  s u b - i c e  c h a n n e l s  f r o m  1899  t o  1 9 7 8  w e r e

compared  by  the  use  o f  the  Landsat  imagery , a l l o w i n g  a n  e s t i m a t i o n  o f  t h e

r a t e s  o f  l a t e r a l  m i g r a t i o n  ( a n d  a s s o c i a t e d  e r o s i o n  a n d  s e d i m e n t a t i o n ) .

T h e  Karluk a l s o  c o l l e c t e d  2 2  vibracores o f f  t h e  f r o n t  o f  t h e  m o d e r n

Y u k o n  d e l t a . T h e s e  c o r e s ,  i n  c o m b i n a t i o n  w i t h  n u m e r o u s  b o x  c o r e s  t a k e n

far ther  o f f shore  by  C .  Hans  Ne l son  (USGS,  Men lo  Park ,  Ca l i f o rn ia )  and

s e d i m e n t s  d e s c r i b e d  b y  McManus et a l . (1977)  allow a better  understanding of

t h e  p a t t e r n s  o f  s e d i m e n t a t i o n  i n  t h e  r e g i o n .

Sequent ia l  Landsat  imagery  ( 1973 -77 )  was  used  t o  s tudy  the  pa t t e rns  o f

i c e  f o rmat i on  f r om f r eeze -up  t o  b reakup  in  the  Nor ton  Sound  reg i on . Sidelap

o f  i m a g e s  t a k e n  o n  s u c c e s s i v e  d a y s  a l l o w e d  t h e  c a l c u l a t i o n  o f  d a i l y  r a t e s

a n d  d i r e c t i o n s  o f  i c e  f l o e  m o v e m e n t . The  r e su l tant  pa t t e rns  o f  i c e  movement

were  c ompared  w i th  synopt i c  weather  da ta  ob ta ined  f r om da i l y  sur face

s y n o p t i c  w e a t h e r  c h a r t s , a s  w e l l  a s  a v a i l a b l e  b a t h y m e t r i c  d a t a  a n d  i n f o r m a -

t i o n  o n  i c e  g o u g i n g  ( T h o r  a n d  N e l s o n  1 9 7 9 ) .

RESULTS

T h e  r e s u l t s  w i t h  d i r e c t  i m p l i c a t i o n s  t o  t h e  e a r l i e r  p h a s e s  o f  s i t e

s e l e c t i o n  a r e :

1 )  T h e r e  i s  w i d e s p r e a d  g e o m o r p h i c  e v i d e n c e  o f  Q u a t e r n a r y  f a u l t i n g ,  w i t h

s o m e  f a u l t s  c u t t i n g  H o l o c e n e  fluvial  d e p o s i t s . S o m e  o f  t h e s e  f a u l t s

are cont inuat i ons  o f  ma jo r  f au l t  sys tems ,  hence  the  magn i tude  o f  the

p o t e n t i a l  s e i s m i c  e v e n t  m a y  b e  l a r g e , e v e n  t h o u g h  t h e  h i s t o r i c a l

s e i s m i c i t y  i s  r a t h e r  l o w .



2)

3)

4)

5)

6)

T h e r e  i s  n o  e v i d e n c e  o f  e x p l o s i v e  v o l c a n i c  a c t i v i t y  i n  t h e  d e l t a  r e g i o n

h a v i n g  o c c u r r e d  d u r i n g  the H o l o c e n e ,  a n d  s o m e  s u g g e s t i o n  t h a t  i t  m a y

not h a v e  o c c u r r e d  w i t h i n  t h e  l a s t  2 4 , 0 0 0  y e a r s . It s e e m s  l i k e l y ,

t h e r e f o r e ,  t h a t  t h e  r i s k  f r o m  v o l c a n i s m  i s  m i n i m a l .

P l e i s t o c e n e  s e d i m e n t s  b e n e a t h  m o s t  o f  N o r t o n  S o u n d  c o n t a i n e d  t h i c k ,

i c e - b o u n d  p e r m a f r o s t  t h a t  w a s  a c t i v e l y  f o r m i n g  a s  r e c e n t l y  a s  1 0 , 0 0 0

years  ago ;  s ome  may  remain  o f f shore  as  r e l i c t  permaf ros t . O f f s h o r e

p e r m a f r o s t  i n  m o d e r n  s e d i m e n t s  i s  less l ike ly  and ,  i f  p resent ,  w i l l  be

t h i n ,  d i s c o n t i n u o u s ,  a n d  r e s t r i c t e d  t o  w a t e r  d e p t h s  l e s s  t h a n  1  m .

A  m a p  o f  t h e  d e p o s i t i o n a l  e n v i r o n m e n t s  o f  t h e  m o d e r n  Y u k o n  D e l t a  ( F i g .

3 )  i l l u s t r a t e s  t h e  d i f f e r e n c e s  b e t w e e n  t h i s  d e l t a  a n d  t h o s e  p r e v i o u s l y

d e s c r i b e d . E a c h  d e p o s i t i o n a l  e n v i r o n m e n t  i s  c h a r a c t e r i z e d  a s  t o

dominan~ p r o c e s s  a n d  p o t e n t i a l  g e o l o g i c  h a z a r d s .  A  m o r e  d e t a i l e d

d i s c u s s i o n  o f  t h e  m o d e r n  d e p o s i t i o n a l  e n v i r o n m e n t s  i s  p r o v i d e d  b y  Dupr6

and Thompson 1979 (provided in the Appendix) .

A  p r e l i m i n a r y  m a p  o f  o f f s h o r e  s e d i m e n t  c h a r a c t e r i s t i c s  ( F i g .  5  )

p r o v i d e s  s o m e  i n f o r m a t i o n  a s  t o  t h e  d e g r e e  o f  s e d i m e n t  r e w o r k i n g  a n d

t h e  p o s s i b l e  p a t h s  o f  s e d i m e n t  ( a n d  p o l l u t a n t )  t r a n s p o r t .

A  p r e l i m i n a r y  z o n a t i o n  o f  i c e  h a z a r d s  i n  N o r t o n  S o u n d  ( F i g .  6  ) i l l u s -

t r a t e s  t h e  r e l a t i v e l y  s y s t e m a t i c  v a r i a t i o n s  i n  p a t t e r n s  a n d  r a t e s  o f

i c e  m o v e m e n t  d u r i n g  t h e  w i n t e r . A  m o r e  d e t a i l e d  s t u d y  o f  i c e  m o v e m e n t

i n  t h e  N o r t o n  S o u n d  r e g i o n  i s  p r o v i d e d  b y  R a y  a n d  Dupr6  ( 1 9 8 1 ) .

DISCUSSION

Tectonic  Framework

The Yukon-Kuskokwim Delta complex is  located within the Koyukuk

volcanogenic p r o v i n c e ,  w h i c h  h a s  b e e n  c h a r a c t e r i z e d  b y  r e c u r r e n t  f a u l t i n g

a n d  syntectonic v o l c a n i c  a c t i v i t y  t h r o u g h o u t  t h e  M e s o z o i c  a n d  C e n o z o i c

(Patton 1973), Most of the major faults in the region (e.g., the Kaltag

fault) formed and were most active during the late Cretaceus and early
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T e r t i a r y  ( H o a r e , 1 9 6 1 ) ;  h o w e v e r ,  m a n y  o f  t h e s e  s t r u c t u r e s  h a v e  r e m a i n e d

a c t i v e ,  a l b e i t  a t  r e d u c e d  l e v e l s  o f  a c t i v i t y ,  t o  t h e  p r e s e n t  ( e . g . ,  H o a r e

1961;  Patton and Hoare 1968;  Grim and McManus 1 9 7 0 ) .

Mos t  o f  the  newly  r e cogn i zed  fau l t s ,  photo-iinears, a n d  m e a s u r e d  j o i n t

s e t s  w i t h i n  t h e  Q u a t e r n a r y  d e p o s i t s  a r e  p a r a l l e l  t o  o r  a r e  e x t e n s i o n s  o f

p r e v i o u s l y  m a p p e d  f a u l t s . T h e r e  i s  n o  e v i d e n c e  o f  t h e  Kaltag fault p a s s i n g

t h r o u g h  t h e  m o d e r n  l o b e  o f  t h e  Y u k o n  D e l t a ,  a s  p r e v i o u s l y  s u g g e s t e d  b y  H o a r e

a n d  C o n d o n  ( 1 9 7 1 ) ;  h o w e v e r ,  t h i s  m a y  s i m p l y  b e  t h e  result of  masking by the

r e l a t i v e l y  y o u n g  ( < 2 , 5 0 0  y e a r s  o l d )  d e l t a . A l t e r n a t i v e l y ,  t h e  Kaltag m a y

s p l a y  i n t o  a  s e r i e s  o f  s o u t h w e s t - t r e n d i n g  faults w h i c h  t r a n s e c t  t h e  Andreski

M o u n t a i n s  a n d  c o n t i n u e  a c r o s s  t h e  d e l t a  p l a i n .

T h e  a g e  o f  t h e  m o s t  recent f a u l t i n g  r e m a i n s  u n c e r t a i n ;  a t  l e a s t  s o m e  o f

t h e  f a u l t s  a p p e a r  t o  c u t  H o l o c e n e  deltaic and fluvial  d e p o s i t s . The

r e c e n t n e s s  o f  f a u l t  m o v e m e n t ,  a s  b a s e d  o n  g e o l o g i c  c r i t e r i a ,  i s  c o n s i s t e n t

with the work on microseismicity  in the region by Biswar a n d  G e d n e y  ( O C S E A P

Rsearch  U n i t  4 8 3 ) ,  a s  w e l l  a s  t h e  a b u n d a n c e  o f  f a u l t  s c a r p s  d e t e c t e d  b y

J o h n s o n  a n d  H o l m e s  ( c i t e d  i n  N e l s o n  1 9 7 8 ) . T h e r e f o r e ,  i t  s e e m s  c l e a r  t h a t

t h e  s e l e c t i o n  o f  p o t e n t i a l  t r a n s p o r t a t i o n  c o r r i d o r s  m u s t  t a k e  i n t o  a c c o u n t .

t h e  p o s s i b i l i t y  o f  s i g n i f i c a n t  g r o u n d  m o v e m e n t  a l o n g  a t  l e a s t  s o m e  o f  t h e

f a u l t  z o n e s  i n  t h e  a r e a . I n  a d d i t i o n ,  a l l  s i t e  i n v e s t i g a t i o n s  m u s t  e v a l u a t e

t h e  p o t e n t i a l  f o r  g r o u n d  s h a k i n g  a n d  l i q u e f a c t i o n  d u e  to s u c h  a n  e v e n t ,  e v e n

t h o u g h  t h e  h i s t o r i c a l  seismicity i s  r e l a t i v e l y  low. T h i s  i s  p a r t i c u l a r l y

i m p o r t a n t  b e c a u s e  almost all o f  t h e  H o l o c e n e  fluvial and deltaic s e d i m e n t s

a r e  c h a r a c t e r i z e d  b y  g r a i n  s i z e  d i s t r i b u t i o n s  t h a t  s u g g e s t  t h e y  a r e  h i g h l y

s u s c e p t i b l e  t o  l i q u e f a c t i o n .

The  Quaternary  vo l can i sm probab ly  o c curred  over  a  w ide  per i od  o f  t ime ,

a s  e v i d e n c e d  b y  t h e  v a r i o u s  d e g r e e s  o f  w e a t h e r i n g  a n d  s l o p e  m o d i f i c a t i o n ;

h o w e v e r ,  paleomagnetic  d a t a  i n d i c a t e  t h a t  a l m o s t  a l l  o f  t h e  basalts a r e

n o r m a l l y  p o l a r i z e d ,  h e n c e  a r e  l e s s  t h a n  7 0 0 , 0 0 0  y e a r s  o l d  ( H o a r e  a n d  Condon

1971b). A c o r e  t a k e n  f r o m  a  v o l c a n i c  l a k e  i n  t h e  m i d d l e  o f  t h e  d e l t a

c o m p l e x  c o n t a i n s  a n  a s h  d e p o s i t  w h i c h  i s  a p p r o x i m a t e l y  3 , 5 0 0  y e a r s  o l d .

However ,  the  c ompos i t i on  o f  the  ash  sugges t s  i t  was  der ived  f r om a  d i s tant

s o u r c e  ( e . g . ,  A l a s k a  P e n i n s u l a ) . N o  o t h e r  e v i d e n c e  o f  v o l c a n i s m  i s

p r e s e r v e d  i n  t h e  c o r e ,  w h i c h  p r o b a b l y  r e c o r d s  a n  i n t e r v a l  o f  a p p r o x i m a t e l y

2 4 , 0 0 0  y e a r s ,  s u g g e s t i n g  e i t h e r  t h a t  t h e  m o s t  r e c e n t  v o l c a n i s m  in t h e  r e g i o n
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was  fa r  r emoved  f r om the  l ake  o r  tha t  i t  p redates  the  co re . T h e  l a t t e r

seems  mos t  l i ke ly ,  a s  c o res  taken  f r om a  vo l can i c  l ake  near  S t .  Mi chae l ,

e a s t  o f  che d e l t a ,  a l s o  s h o w  a  l a c k  o f  l o c a l l y  d e r i v e d  pyroclastic m a t e r i a l

(Dr.  Tom Ager,  USGS, pers.  commun.). Thus  i t  s eems  l ike ly  tha t  the  r i sk  due

to v o l c a n i c  a c t i v i t y  s h o u l d  b e  c o n s i d e r e d  m i n i m a l .

Permafros t

T h e  p r e s e n c e  o f  p e r m a f r o s t  i n  t h e  Y u k o n - K u s k o k w i m  D e l t a  r e g i o n  i s  w e l l

e s t a b l i s h e d  b y  a n  a b u n d a n c e  o f  g e o m o r p h i c  c r i t e r i a ,  i n c l u d i n g  p o l y g o n a l

g r o u n d ,  p a l s a s ,  t h e r m o k a r s t  l a k e s ,  solifluction l o b e s ,  a n d  s t r i n g  b o g s . The

t y p e  a n d  e x t e n t  o f  p e r m a f r o s t  a r e  f u r t h e r  d o c u m e n t e d  b y  f i e l d  s t u d i e s ,

u n p u b l i s h e d  d r i l l e r s  r e p o r t s ,  a n d  a  s~udy b y  t h e  U . S .  G e o l o g i c a l  S u r v e y

( W i l l i a m s  1 9 7 0 ) . P r e v i o u s  a n n u a l  r e p o r t s  f r o m  R U  2 0 8  h a v e  d e s c r i b e d  t h e

e x t e n t  a n d  v a r i a b i l i t y  o f  p e r m a f r o s t  i n  s o m e  d e t a i l ,  a n d  w i l l  n o t  b e

r e p e a t e d  h e r e . R a t h e r ,  t h e  c o n c e r n  a t  p r e s e n t  i s  t o  d i s c u s s  t h e  p o s s i b i l i t y

o f  o f f s h o r e  p e r m a f r o s t  i n  t h e  r e g i o n .

T h e  m o d e r n  lobe o f  t h e  Y u k o n  D e l t a  a n d  a s s o c i a t e d  chenier  p l a i n  a r e

r e l a t i v e l y  y o u n g  g e o l o g i c  f e a t u r e s ,  h a v i n g  f o r m e d  a p p r o x i m a t e l y  2 , 5 0 0  y e a r s

a g o . T h e r e  i s  e v i d e n c e  o f  p e r m a f r o s t  f o r m i n g  i n  m u c h  o f  t h e  i n t e r i o r  p a r t s

o f  t h e  m o d e r n  d e l t a  p l a i n ,  y e t  i t  a p p e a r s  t o  b e  d i s c o n t i n u o u s  a n d  r e l a t i v e l y

t h i n  ( 2 - 3  m ? ) . T h e r e  i s  l i t t l e  e v i d e n c e  o f  p e r m a f r o s t  p r e s e n t l y  f o r m i n g

a l o n g  t h e  p r o g r a m i n g  m a r g i n  o f  t h e  d e l t a  p l a i n . I f  p e r m a f r o s t  i s  a c t i v e l y

f o r m i n g  i n  m o d e r n  deltaic s e d i m e n t s  o f f s h o r e ,  i t  i s  c e r t a i n  t o  b e  t h i n ,

d i s c o n t i n u o u s ,  a n d  r e s t r i c t e d  t o  s e d i m e n t s  i n  w a t e r  d e p t h s  o f  l e s s  t h a n  1  m ,

c o i n c i d e n t  w i t h  t h e  d i s t r i b u t i o n  o f  bottomfast i c e .

T h e  p o s s i b i l i t y  o f  r e l i c t  p e r m a f r o s t  e x i s t i n g  o f f s h o r e  i s  m o r e  d i f f i -

cu l t  t o  pred i c t .  Nor ton  Sound  w a s  e m e r g e n t  u n t i l  a s  r e c e n t l y  a s  1 0 , 0 0 0

y e a r s  a g o ,  w h e n  i t  w a s  f l o o d e d  d u r i n g  t h e  l a s t  glacio-euscatic  r i s e  i n  s e a

l eve l  (C .  Hans  Ne l son ,  USGS,  unpubl. data ) . T h u s ,  u n t i l  r e c e n t l y ,

P l e i s t o c e n e  s e d i m e n t s  s i m i l a r  t o  t h o s e  w h i c h  p r e s e n t l y  c o v e r  m u c h  o f  t h e

d e l t a  r e g i o n  w e r e  e x p o s e d  o f f s h o r e . T h e  P l e i s t o c e n e  s e d i m e n t s  o n  l a n d  a r e

c h a r a c t e r i z e d  b y  e x t e n s i v e  p e r m a f r o s t  ( i n c l u d i n g  l a r g e  i c e  w e d g e s  a n d

m a s s i v e  i c e )  l o c a l l y  u p  t o  2 0 0  m  t h i c k . The  permaf ros t  began  t o  degrade

f o l l o w i n g  t h e  s u b m e r g e n c e  o f  N o r t o n  S o u n d ,  b u t  s o m e  m a y  r e m a i n  o f f s h o r e  a s
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r e l i c t  p e r m a f r o s t ,  d e p e n d i n g  o n  1 )  t h e  o r i g i n a l  t h i c k n e s s  o f  t h e  p e r m a f r o s t ,

2 )  the  nature o f  t h e  P l e i s t o c e n e  s e d i m e n t s ,  3 )  t h e  t h e r m a l  p r o p e r t i e s  o f  t h e

o v e r l y i n g  w a t e r  m a s s ,  a n d  4 )  t h e  p o s s i b l e  p r e s e n c e  o f  H o l o c e n e  r i v e r

c h a n n e l s  ( c f .  H o p k i n s  1 9 7 8 ) .

M o r e  d e t a i l e d  s e i s m i c  s t u d i e s  a n d  e x p l o r a t o r y  d r i l l i n g  a r e  n e c e s s a r y

b e f o r e  a  m o r e  d e f i n i t i v e  s t a t e m e n t  c a n  b e  m a d e  a s  t o  t h e  p r e s e n c e  o f

o f f shore  permaf ros t  in  the  Nor ton  Sound  reg i on . N e v e r t h e l e s s ,  i t  i s  c l e a r

that  mos t  o f  Nor ton  Sound  was  under la in  by  th i ck ,  i c e -bound  permafros t  wh i ch

w a s  a c t i v e l y  f o r m i n g  a s  r e c e n t l y  a s  1 0 , 0 0 0  y e a r s  a g o . T h u s  a  v e r y  r e a l

p o s s i b i l i t y  e x i s t s  f o r  t h e  p r e s e n c e  o f  r e l i c t  i c e - b o u n d  p e r m a f r o s t  u n d e r -

l y ing  par t s  o f  Nor ton  Sound . T h i s  p o s s i b i l i t y  s e e m s  e s p e c i a l l y  h i g h  e a s t  o f

t h e  m o d e r n  d e l t a ,  b e t w e e n  Apoon  pass and St. M i c h a e l ,  w h e r e  t h e  s h o r e l i n e  i s

r a p i d l y  e r o d i n g  P l e i s t o c e n e  s e d i m e n t s  a t  r a t e s  o f  a p p r o x i m a t e l y  1 7  m / y e a r .

I t  s e e m s  likely t h a t  i n  t h i s  a r e a  t h e  t h i c k  p e r m a f r o s t  e x p o s e d  a l o n g  t h e

s h o r e l i n e  e x t e n d s  f o r  s o m e  d i s t a n c e  o f f s h o r e .

Depositional  Environments of  the Modern Yukon Delta

T h e  m o d e r n  Y u k o n  Delta h a s  s e v e r a l  d e p o s i t i o n a l  e n v i r o n m e n t s  t h a t  a r e

l a c k i n g  i n  d e l t a s  f o r m e d  i n  m o r e  t e m p e r a t e  c l i m a t e s .  T h e s e  d e p o s i t i o n a l

e n v i r o n m e n t s  a r e  b u t  o n e  i n d i c a t i o n  o f  t h e  e x t r e m e  seasonality o f  c oas ta l

p r o c e s s e s  w h i c h  p r o b a b l y  c h a r a c t e r i z e  m a n y  h i g h - l a t i t u d e  c o n t i n e n t a l

s h e l v e s . Table  1  is a  pre l iminary  a t t empt  t o  assess  the  r e la t i ve  impor tance

o f  t h e s e  p r o c e s s e s  w i t h i n  e a c h  e n v i r o n m e n t . T h e  a b i l i t y  t o  p r e d i c t  t h e

t y p e s  o f  p r o c e s s e s  a s  w e l l  a s  t h e  s e d i m e n t  c h a r a c t e r i s t i c s  a n d  geotechnical

p r o p e r t i e s  w h i c h  c h a r a c t e r i z e  e a c h  e n v i r o n m e n t ,  s h o u l d  g r e a t l y  a i d  i n

m i n i m i z i n g  b o t h  t h e  c o s t s  a n d  e n v i r o n m e n t a l  i m p a c t s  of s i t ing  bo th  o f f shore

a n d  o n s h o r e  s t r u c t u r e s .

T h e  s u b a e r i a l  m o r p h o l o g y  o f  t h e  Y u k o n  D e l t a  i s  s i m i l a r  t o  t h a t  o f

l o b a t e ,  h i g h - c o n s t r u c t i o n a l  d e l t a s  d e s c r i b e d  b y  F i s h e r  e t  a l .  ( 1 9 6 9 )  a s

typ i ca l  o f  bedload-dominated  r i v e r s  e m p t y i n g  i n t o  s h a l l o w  d e p o s i t i o n a l

b a s i n s . A n  e x a m i n a t i o n  o f  t h e  s u b a q u e o u s  m o r p h o l o g y  o f  t h e  d e l t a ,  h o w e v e r ,

s u g g e s t s  t h a t  s u c h  a  c l a s s i f i c a t i o n  f a i l s  t o  r e c o g n i z e  s o m e  o f  t h e  u n i q u e

aspec t s  o f  the  Yukon  De l ta .
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T a b l e  1 . - -Pre l iminary  summary  o f  nontectonic

D e p o s i t i o n a l
e n v i r o n m e n t s

D e l t a  p l a i n

A c t i v e  d i s t r i b u t a r y

Abandoned  d i s t r ibutary

Interdistributary marsh

Coastal marsh
z
o

Delta margin

Distributary mouth bar

Tidal flats

Sub-ice platform

Sub-ice channels

Delta front

Prodelta

F l o o d i n g

High

Moderate

Moderate

High

High

High

N/A

N/A

N/A

N/A

I c e  s c o u r

Moderate

Low

Low

Moderate

Moderate

Mod-High

Mod-Low

Low

High

Mod-Low

g e o l o g i c a l  h a z a r d s  o f  t h e  m o d e r n  Y u k o n  D e l t a .

S e d i m e n t a t i o n

High

Moderate

Low-Mod

High

High

High

Variable

High

V a r i a b l e

Moderate

E r o s i o n

High

High

Low

V a r i a b l e

Low-Mod

Low

V a r i a b l e

High

V a r i a b l e

Mod-Low

Permafros t

None

Low-Mod

Low-Mod

Low

Low

Low

None

None

None

None

L i q u e f a c t i o n

High

Mod–High

Mod-Low

Low

Mod-High

V a r i a b l e

V a r i a b l e

High

Mod-High

Low-Mod



T h e  d e l t a  p l a i n  i s  f r i n g e d  by p r o g r a m i n g  t i d a l  f l a t s  a n d  d i s t r i b u t a r y

m o u t h  b a r s ,  s i m i l a r  t o  m a n y  p r e v i o u s l y  d e s c r i b e d  d e l t a s . T h e  Yukon  is

u n u s u a l ,  h o w e v e r ,  i n  t h a t  t h e  d e l t a  f r o n t  a n d  p r o d e l t a  a r e  o f f s e t  f r o m  t h e

p r o g r a d i n g  s h o r e l i n e  b y  a  b r o a d  p l a t f o r m  ( h e r e  r e f e r r e d  t o  a s  t h e  s u b - i c e

p la t f o rm) ,  t yp i ca l l y  1 -3  m  deep  and  l o ca l l y  up  t o  30  km wide . T h e  r e s u l t a n t

s u b a q u e o u s  p r o f i l e  ( s e e  A p p e n d i x  F i g . 5 )  i s  q u i t e  u n l i k e  t h o s e  o f  w a v e –  a n d

r iver -dominated  de l tas  des c r ibed  by  Wr ight  and  Co leman  (1973 ) . I n  a d d i t i o n ,

t h e  p l a t f o r m  i s  c r o s s e d  b y  a  s e r i e s  o f  s u b a q u e o u s  ( s u b - i c e )  c h a n n e l s  w h i c h

ex tend  up  to 20  km beyond  the  mouths  o f  the  ma jo r  d i s t r ibu tar i e s .

The  sub - i c e  p la t f o rm and  assoc ia ted  sub - i c e  channe l s  appear  t o  be

r e l a t e d  t o  t h e  p r e s e n c e  o f  s h o r e f a s t  i c e  w h i c h  f r i n g e s  t h e  d e l t a  f o r  a l m o s t

h a l f  o f  t h e  y e a r . Severa l  workers  ( e . g . ,  Re imni t z  and  Bruder  1 9 7 2 ;  R e i m n i t z

a n d  B a r n e s  1 9 7 4 ;  W a l k e r  1 9 7 4 )  h a v e  n o t e d  t h a t  p a t t e r n s  o f  n e a r s h o r e

s e d i m e n t a t i o n  a l o n g  t h e  A r c t i c  c o a s t  o f  A l a s k a  a r e  s t r o n g l y  i n f l u e n c e d  b y

t h e  p r e s e n c e  o f  s h o r e f a s t  i c e . N a i d u  a n d  Mowatt (1975) s u g g e s t e d  t h a t  t h i s

i s  u n i q u e  t o  d e l t a s  f o r m e d  b y  p o l a r  r i v e r s  i n  t h e  A r c t i c . I  b e l i e v e  t h a t

t h e s e  s m a l l e r  a r c t i c  d e l t a s ,  a s  w e l l  a s  larger d e l t a s  s u c h  a s  t h e  Y u k o n ,

Mackenz i e ,  and  Lena ,  a c tua l l y  r epresent  a  s epara te  t ype  o f  i c e -dominated

d e l t a ,  m o r p h o l o g i c a l l y  d i s t i n c t  f r o m  t h e  w a v e - ,  r i v e r - ,  a n d  t i d e - d o m i n a t e d

d e l t a s  p r e v i o u s l y  d e s c r i b e d  i n  t h e  l i t e r a t u r e  ( e . g . ,  G a l l o w a y  1 9 7 5 ) .  T h e

Y u k o n  D e l t a  m a y  p r o v i d e  a  m o d e l  f o r  s u c h  a n  i c e - d o m i n a t e d  d e l t a  (Dupr4 a n d

Thompson 1979;  see  Appendix) .

D e l t a  P l a i n

T h e  d e l t a  p l a i n  c o n s i s t s  o f  a  c o m p l e x  a s s e m b l a g e  o f  a c t i v e  a n d

a b a n d o n e d  d i s t r i b u t a r y  c h a n n e l s  a n d  c h a n n e l  b a r s ,  n a t u r a l  l e v e e s ,  inter-

d i s t r i b u t a r y  m a r s h e s ,  a n d  lakes (F ig . 4  ) ;  h o w e v e r ,  f o r  the p u r p o s e  o f  t h i s

r e p o r t ,  i t  w i l l  r e m a i n  u n d i f f e r e n t i a t e d . M u c h  o f  t h e  o l d e r ,  m o r e  i n l a n d

p a r t s  o f  t h e  d e l t a  p l a i n  s h o w  c l e a r  e v i d e n c e  o f  p e r m a f r o s t ,  b u t  i t  a p p e a r s

t o  b e  d i s c o n t i n u o u s  a n d  r e l a t i v e l y  t h i n  ( 2 - 3  m ? ) . F l o o d i n g  i s  a  m a j o r  h a z a r d

o n  m u c h  o f  t h e  d e l t a  p l a i n ,  a s  a r e  e r o s i o n  a n d  s e d i m e n t a t i o n  a s s o c i a t e d  w i t h

t h e  m e a n d e r i n g  a c t i v e  d i s t r i b u t a r y  c h a n n e l s . In  add i t i on ,  much  o f  the

s e d i m e n t  d e p o s i t e d  i n  t h e  c h a n n e l s  a n d  c h a n n e l  b a r s  c o n s i s t s  o f  r e l a t i v e l y

w e l l - s o r t e d  s a n d s  a n d  s i l t s  w i t h  a  h i g h  s u s c e p t i b i l i t y  f o r  l i q u e f a c t i o n .
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D e l t a  M a r g i n

T h e  delta m a r g i n  i s  a  t e r m  u s e d  h e r e  i n f o r m a l l y  t o  i n c l u d e  t h e

p r o g r a d i n g  t i d a l  f l a t s  a n d  d i s t r i b u t a r y  mouth  b a r s  a s  w e l l  a s  t h e  s u b - i c e

p l a t f o r m  a n d  a s s o c i a t e d  s u b - i c e  c h a n n e l s .

T h e  t i d a l  f l a t s  a r e  t y p i c a l l y  1 0 0 - 1 , 0 0 0  m  w i d e  w h e r e  t h e y  o c c u r  a l o n g—  —

the  prograd ing  marg in  o f  the  modern  de l ta . T h e y  c o n s i s t  o f  p o o r l y  s o r t e d

s a n d y  s i l t s  w i t h  a  l o w  l i q u e f a c t i o n  s u s c e p t i b i l i t y  i n  a r e a s  o f  r e l a t i v e l y

l o w  w a v e  e n e r g y  ( o n  t h e  n o r t h e r n  s i d e  o f  t h e  d e l t a ) ,  a n d  m o d e r a t e l y  s o r t e d

s i l t y  s a n d s  w i t h  a  m o d e r a t e  s u s c e p t i b i l i t y  f o r  l i q u e f a c t i o n  i n  a r e a s  o f

h i g h e r  w a v e  e n e r g y  ( o n  t h e  w e s t e r n  s i d e  o f  t h e  d e l t a ) .  R a t e s  o f  n e t  e r o s i o n

a n d  d e p o s i t i o n  a r e  r e l a t i v e l y  s m a l l ;  l o c a l l y ,  h o w e v e r ,  r a t e s  o f  s h o r e l i n e

p r o g r a d a t i o n  m a y  b e  u p  t o  5 0  m / y e a r . I n  a d d i t i o n ,  s o m e  o f  t h e  t i d a l  f l a t

a r e a s  a r e  e r o d i n g  a t  r a t e s  o f  u p  t o  5  mfyear.

The  d i s t r ibutary  mouth  bars  a re  typ i ca l l y  midd le -g round  bars  wh i ch  f o rm—  —

a t  t h e  m o u t h s  o f  t h e  m a j o r  d i s t r i b u t a r i e s . T h e y  g e n e r a l l y  c o n s i s t  o f

m o d e r a t e l y  t o  w e l l - s o r t e d  s a n d  a n d  s i l t y  s a n d  w i t h  a  r e l a t i v e l y  h i g h

s u s c e p t i b i l i t y  f o r  l i q u e f a c t i o n . T h e y  a r e  d o m i n a n t l y  p r o g r a d i n g  f e a t u r e s ,

but  s ome  e ros i on  may  o c cur  dur ing  s t o rms  o r  where  ad jacent  t o  l a t e ra l l y

m e a n d e r i n g  s u b - i c e  c h a n n e l s .

T h e  s u b - i c e  c h a n n e l s  a r e  t h e  o f f s h o r e  e x t e n s i o n s  o f  t h e  m a j o r  d i s t r i b u -

tary  channe l s ,  and  are  mos t  c ommon  on  the  wes te rn  marg in  o f  the  de l ta .

T h e s e  s u b a q u e o u s  c h a n n e l s  a r e  t y p i c a l l y  0 . 5  t o  1  k m  w i d e  a n d  5 - 1 5  m  d e e p ,

and extend up to  20 km beyond the shorel ine. T h e  c h a n n e l s  a r e  p r e s e n t l y

a c t i v e l y  t r a n s p o r t i n g  s e d i m e n t  ( a t  l e a s t  d u r i n g  p a r t s  o f  t h e  y e a r )  ,  a s

e v i d e n c e d  b y  t h e  s e a w a r d - m i g r a t i n g  s a n d  w a v e s  u p  t o  1  m  h i g h  i n  t h e  c h a n n e l s

(D .  Thor ,  USGS,  pers .  commun.). T h e  p r e s e n c e  o f  t h e  w e l l - s o r t e d  c h a n n e l

s a n d s ,  c o m b i n e d  w i t h  t h e  r e l a t i v e l y  s t e e p  c h a n n e l  m a r g i n s ,  r e s u l t s  i n  a  h i g h

p o t e n t i a l  f o r  l i q u e f a c t i o n . Th i s  i s  fu r ther  subs tant ia ted  by  the  abundance

o f  l i q u e f a c t i o n - i n d u c e d  d e f o r m a t i o n  f e a t u r e s  o b s e r v e d  i n  c o r e s  o b t a i n e d  f r o m

channel  deposits  by the RV Karluk (USGS cruise$  1978) . The channels  appear

t o  b e  a c t i v e l y  c h a n g i n g  t h e i r  c o u r s e  b y  a  c o m b i n a t i o n  o f  l a t e r a l  m e a n d e r i n g

and avulsion. L a t e r a l  r a t e s  o f  c h a n n e l  m i g r a t i o n  u p  t o  5 0  m / y e a r  h a v e  b e e n

measured from bathymetric  maps and Landsat imagery. T h u s  t h e  p o t e n t i a l

e x i s t s  f o r  e r o s i o n  o f  a d j a c e n t  p l a t f o r m  d e p o s i t s  t o  d e p t h s  o f  5 - 1 5  m  ( e q u a l



LO t h e  d e p t h  o f  t h e  c h a n n e l s ) ,  p e r h a p s  d u r i n g  a  s i n g l e  f l o o d . S i m i l a r l y ,

r a p i d  s e d i m e n t a t i o n  m a y  b e  e x p e c t e d  o n  t h e  s u b a q u e o u s  p o i n t  b a r  d e p o s i t s .

T h e  s u b - i c e  p l a t f o r m  h a s  a n  e x t r e m e l y  g e n t l e  s l o p e  ( t y p i c a l l y  1:1,000

or  l e s s )  and  sha l l ow  water  dep ths  ( l - 3  m)  ex tend ing  up  t o  30  km beyond  the

s h o r e l i n e . Th e  su b - i c e  p la t f o rm  on  the  wes te rn  marg in  o f  the  d e l ta  i s

d o m i n a t e d  b y  t h e  p r o x i m i t y  o f  n u m e r o u s  s u b - i c e  c h a n n e l s ,  h e n c e  s u b a q u e o u s

l e v e e  d e p o s i t s  a r e  c o m m o n . I n  c o n t r a s t ,  t h e  p l a t f o r m  o n  t h e  n o r t h e r n  s i d e

o f  the  de l ta  appears  t o  be  charac te r i zed  by  more  r ework ing  o f  s ed iment ,  w i th

undu la to ry  r idges  and  t r oughs  e spec ia l l y  c ommon  near  the  ou te r  edge  o f  the

p l a t f o r m .

Unlike  mos t  de l tas ,  there  i s  an  o f f shore  inc rease  in the p e r c e n t a g e  o f

sand  on  the  sub - i c e  p la t f o rm (Append ix  F ig .  7 )  due  t o  the  inc reased

rework ing  o f  s ed iment  on  the  ou te r  edge  o f  the  p la t f o rm. T h e  l i q u e f a c t i o n

p o t e n t i a l  o f  t h e s e  s a n d s  m a y  n o t  b e  a s  h i g h  a s  f i r s t  e x p e c t e d ,  h o w e v e r ,

b e c a u s e  m u c h  o f  t h e  s a n d  i s  r e l a t i v e l y  d e n s e l y  p a c k e d  d u e  t o  t h e  h i g h e r  w a v e

energy  on  the  ou te r  p la t f o rm. I n  c o n t r a s t ,  t h e  s a n d y  l e v e e  d e p o s i t s  prob-

ably h a v e  a  h i g h  p o t e n t i a l  f o r  l i q u e f a c t i o n . T h e r e  i s  l i t t l e  n e t  e r o s i o n  o r

d e p o s i t i o n  o n  t h e  p l a t f o r m ,  a s  i t  i s  l a r g e l y  a n  a r e a  o f  s e d i m e n t  e r o s i o n  a n d

b y p a s s . T h e  m a i n  e x c e p t i o n  i s  n e a r  s u b - i c e  c h a n n e l s ,  w h e r e  e r o s i o n  c a n  b e

b o t h  s u b s t a n t i a l  a n d  u n p r e d i c t e d .

T h e  d e l t a  f r o n t  i s  a  t e r m  u s e d  h e r e  t o  d e s c r i b e  t h e  r e l a t i v e l y  s t e e p—  —

(typically greater than 1:500) zone that fringes the delta in water depths

of approximately 3-14 m. It is an area of relatively rapid deposition in

the western portions of the delta due to the proximity of the major sub-ice

channels which empty much of their sediment load on the delta front. up to

6 m of sediment appears to have accumulated in this area during the last

80 years. Most of that deposition was as a series of storm-induced (?) sand

layers typically 5-20 cm thick, thus the amount of deposition during any

given event is probably relatively small. The northwestern margin of the

d e l t a  f r o n t  c o n s i s t s  o f  a s e r i e s  o f  l a r g e  (2-5 m  h i g h )  s h o a l s ,  l o c a l l y  u p  t o

5 0  k m  l o n g .  T h e s e  s h o a l s  a p p e a r  to b e  m i g r a t i n g  l a t e r a l l y  i n t o  N o r t o n  S o u n d ,

r e s u l t i n g  i n  a  c o m p l e x  p a t t e r n  o f  l o n g - t e r m  e r o s i o n  a n d  s e d i m e n t a t i o n . The

d e l t a  f r o n t  a l o n g  t h e  n o r t h e r n  m a r g i n  o f  t h e  d e l t a  a p p e a r s  t o  b e  e r o d i n g ,

with up to 4 m of sediment having been removed during the past 80 years.

The amount of sediment removed during a single storm remains uncertain.



M o s t  o f  t h e  d e l t a  f r o n t  a l o n g  t h e  w e s t e r n  m a r g i n  o f  t h e  d e l t a  i s  i n  t h e

z o n e  o f  w a v e  b u i l d u p  a n d  a p p e a r s  t o  c o n s i s t  o f  r e l a t i v e l y  w e l l - s o r t e d ,

f i n e - g r a i n e d  s a n d  w i t h  a  r e l a t i v e l y  h i g h  s u s c e p t i b i l i t y  f o r  l i q u e f a c t i o n .

S i m i l a r l y ,  t h e  l i n e a r  s h o a l s  c o n s i s t  o f  m o d e r a t e l y  w e l l  s o r t e d  s a n d  w i t h  a

r e l a t i v e l y  h i g h  s u s c e p t i b i l i t y  f o r  l i q u e f a c t i o n . The  sed iment  charac te r -

i s t i c s  o f  t h e  d e l t a  f r o n t  a l o n g  t h e  n o r t h e r n  m a r g i n  of t h e  d e l t a  a r e  l e s s

w e l l  k n o w n ,  h e n c e  t h e i r  s u s c e p t i b i l i t y  f o r  l i q u e f a c t i o n  r e m a i n s  u n c e r t a i n .

T h e  prodelta i s  c h a r a c t e r i z e d  b y  e x t r e m e l y  g e n t l e  s l o p e s  ( t y p i c a l l y——

1:2,000) mark ing  the  d i s ta l  edge  o f  the  deltaic s e d i m e n t s ,  w h i c h  e x t e n d  u p

t o  1 0 0  k m  o f f s h o r e . S e d i m e n t  i s  i n i t i a l l y  d e p o s i t e d  f r o m  s u s p e n s i o n  i n  t h i s

e n v i r o n m e n t ; h o w e v e r ,  w a t e r  d e p t h s  a r e  s t i l l  r e l a t i v e l y  s h a l l o w  ( 1 0 - 2 0  m )

h e n c e  m u c h  o f  t h e  s e d i m e n t  i s  s u b s e q u e n t l y  r e w o r k e d .  E v i d e n c e  o f  s u c h

r e w o r k i n g  i s  c l e a r l y  d e m o n s t r a t e d  b y  t h e  u n u s u a l  p a t t e r n  o f  t e x t u r a l

p a r a m e t e r s  ( F i g .  5 ) . The  southwes te rn  marg in  o f  the  p rode l ta  s ed iments

( a d j a c e n t  t o  t h e  l a r g e s t  d i s t r i b u t a r i e s )  c o n s i s t s  o f  w e l l - s o r t e d  s i l t y  s a n d ,

grad ing  nor thward  t o  modera te ly  so r ted  s i l t y  sand  and  eas tward  t o  poor ly

s o r t e d  s a n d y  s i l t  a n d  s i l t .

T h e  p o t e n t i a l  h a z a r d s  d u e  t o  s e d i m e n t a t i o n  a n d / o r  e r o s i o n  a p p e a r  to b e

m i n i m a l  i n  t h e s e  d e p o s i t s ,  a s  i t  s e e m s  u n l i k e l y  t h a t  t h e  r e s u s p e n s i o n  o f

sed iment  o c curs  t o  any  grea t  depth . T h e  l i q u e f a c t i o n  s u s c e p t i b i l i t y  o f

t h e s e  s e d i m e n t s  m a y  b e  r e l a t i v e l y  h i g h ,  p a r t i c u l a r l y  i n  t h e  s i l t y  s a n d s  a n d

s a n d s  o f  t h e  w e s t e r n  p a r t  o f  t h e  prodelta. B e c a u s e  t h e s e  s a n d s  a r e  r e l a -

t i v e l y  t h i n  ( t y p i c a l l y  l e s s  t h a n  2  m ;  N e l s o n  a n d  C r e a g e r  1 9 7 7 ) ,  h o w e v e r ,

t h e y  w o u l d  p r o b a b l y  h a v e  l i t t l e  e f f e c t  on d e e p - s e a t e d  s t r u c t u r e s . T h e  s i l t s

in  the  nor thern  par t  o f  the  prode l ta  a re  th i cker  (up  t o  8  m) ,  but  they  may

b e  t o o  p o o r l y  s o r t e d  t o  l i q u e f y .

Sed iment  D i spers i on  Pat te rns

Most  o f  the  sed iment  in t roduced  in to  Nor ton  Sound  i s  t ranspor ted  by  the

Yukon  R iver  dur ing  the  summer ,  much  dur ing  the  r e la t i ve ly  shor t  in te rva l  o f

b r e a k u p . S o m e  o f  t h e  s e d i m e n t  i s  d e p o s i t e d  i n  p r o g r a d i n g  t i d a l  f l a t s  a n d

d i s t r i b u t a r y  m o u t h  b a r s  a l o n g  t h e  c o a s t ,  b u t  m o s t  i s  t r a n s p o r t e d  o f f s h o r e

as bedload  w i t h  t h e  s u b - i c e  c h a n n e l s  a n d  a s  s u s p e n d e d  s e d i m e n t  w i t h i n  t h e

sediment plume of  the Yukon. Some  o f  the  s ed iment  i s  depos i t ed  on  the
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s u b a q u e o u s  l e v e e s  a d j a c e n t  t o  t h e  c h a n n e l s ,  b u t  m u c h  o f  t h e  b e d l o a d  a p p e a r s

t o  b e  d e p o s i t e d  u p  t o  2 0  k m  b e y o n d  t h e  s h o r e l i n e  a t  t h e  d e l t a  f r o n t .  I n

add i t i on ,  the  suspended  sed iment  p lume  may  ex tend  up  t o  75  km o f f shore .

O n c e  t h e  s e d i m e n t  i s  i n i t i a l l y  d e p o s i t e d  i t  m a y  b e  e x t e n s i v e l y  r e w o r k e d  by a

v a r i e t y  cf p r o c e s s e s . T h e  r e s u l t  ( F i g . 5 )  i s  q u i t e  u n l i k e  t h e  m o r e  t y p i c a l

g raded  she l f  pa t t e rn  where  sed iments  become  progress ive ly  f iner  g ra ined  and

m o r e  p o o r l y  s o r t e d  o f f s h o r e .

T h e  s e d i m e n t  o n  t h e  w e s t e r n  p o r t i o n  o f  t h e  s u b - i c e  p l a t f o r m  i s  t y p i c -

a l l y  c o a r s e r  g r a i n e d  a n d  b e t t e r  s o r t e d  t h a n  s e d i m e n t  t o  t h e  n o r t h e a s t ;  t h i s

i s  d u e  t o  t h e  p r o x i m i t y  o f  t h e  m a i n  d i s t r i b u t a r y  c h a n n e l s  a n d  t h e  l o n g e r

f e t ch  and  g rea te r  wave  energy  on  the  wes te rn  marg in  o f  the  de l ta . The

s e d i m e n t  o n  t h e  o u t e r  e d g e  o f  t h e  s u b - i c e  p l a t f o r m  i s  b e t t e r  s o r t e d  t h a n

c l o se r  t o  the  shore  because  o f  the  r ework ing  by  waves ,  and  perhaps  a c ce l e r -

a t e d  s u b - i c e  c u r r e n t s  a s  w e l l . T h e  d e l t a  f r o n t  i s  g e n e r a l l y  w i t h i n  t h e  z o n e

o f  w a v e  b u i l d u p ,  h e n c e  c o n s i s t s  l a r g e l y  o f  r e l a t i v e l y  w e l l  s o r t e d  s a n d s

reworked  by  wave - induced  currents . S i m i l a r l y ,  t h e  l i n e a r  s h o a l s  o f  t h e

d e l t a  f r o n t  c o n s i s t  o f  r e l a t i v e l y  well s o r t e d  s a n d s  w h i c h  a p p e a r  to  b e

m i g r a t i n g  t o  t h e  n o r t h e a s t ,  p e r h a p s  d u e  t o  s t o r m - i n d u c e d  c u r r e n t s  o r  a

b i f u r c a t i o n  o f  t h e  A l a s k a  C o a s t a l  W a t e r . S e d i m e n t  i n i t i a l l y  d e p o s i t e d  f r o m

s u s p e n s i o n  o n  t h e  w e s t e r n  m a r g i n  o f  t h e  p r o d e l t a  i s  p e r i o d i c a l l y  r e s u s p e n d e d

by a  v a r i e t y  o f  p r o c e s s e s  ( e . g . ,  t i d e s  a n d  s t o r m s )  a n d  r e w o r k e d .  M u c h  o f

t h e  s e d i m e n t  m a y  r e m a i n  w i t h i n  t h e  A l a s k a  C o a s t a l  W a t e r  to b e  u l t i m a t e l y

d e p o s i t e d  i n  t h e  Chukchi Sea ,  up  t o  1 ,000  km to  the  nor thwes t  (McManus  et

a l .  1 9 7 7 ;  N e l s o n  a n d  C r e a g e r  1 9 7 7 ) . I n  o t h e r  c a s e s ,  t h e  r e s u s p e n d e d

s e d i m e n t  a p p e a r s  t o  b e  t r a n s p o r t e d  t o  t h e  n o r t h e a s t ,  p e r h a p s  i n  r e s p o n s e  t o

s t o r m - i n d u c e d  currents~ to  be  depos i t ed  in  the  c ent ra l  par t  o f  Nor ton  Sound .

The  sed iment  supp ly  in to  Nor ton  Sound  i s  v i r tua l l y  cu t  o f f  dur ing  the

winter  due  t o  the  r educed  f l ow  o f  the  Yukon  R iver . N e v e r t h e l e s s ,  D r a k e  e t

a l .  ( 1 9 7 9 )  d o c u m e n t e d  s i g n i f i c a n t  a m o u n t s  o f  s u s p e n d e d  s e d i m e n t  b e n e a t h  t h e

i c e  c a n o p y . T h i s  i m p l i e s  t h a t  s e d i m e n t  i s  b e i n g  r e s u s p e n d e d  d u r i n g  w i n t e r

a s  w e l l ,  a l t h o u g h  t h e  e x a c t  p r o c e s s e s  a n d  d i r e c t i o n s  o f  s e d i m e n t  t r a n s p o r t

r e m a i n  u n c l e a r .

In  summary ,  the  pa t t e rns  o f  s ed iment  d i spers i on  in  the  Yukon  De l ta

r e g i o n  o f  N o r t o n  S o u n d  a r e  c o m p l i c a t e d  b y  t h e  s h a l l o w n e s s  o f  t h e

d e p o s i t i o n a l  b a s i n ,  t h e  e x t e n s i v e  r e w o r k i n g  o f  s e d i m e n t ,  a n d  t h e  e x t r e m e
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seasonality  o f  m a r i n e  p r o c e s s e s . T h i s  i n c r e a s e s  t h e  n e c e s s i t y  o f  o b t a i n i n g

m u c h  m o r e  i n f o r m a t i o n  b e f o r e  i t  w i l l  b e  p o s s i b l e  t o  m a k e  a c c u r a t e  p r e d i c t i v e

m o d e l s  of p o l l u t a n t  p a t h s .

Ice Hazards in the Norton Sound-Yukon Delta Region

The  pa t te rns  o f  i c e  f o rmat i on ,  movement ,  and  de f o rmat i on  in  the  Nor ton

S o u n d  r e g i o n  w e r e  s t u d i e d  w i t h  t h e  u s e  o f  L a n d s a t  a n d  N O A A  s a t e l l i t e  i m a g e r y

f o r  t h e  y e a r s  1 9 7 3 - 7 7 . T h e  r e s u l t s  d o c u m e n t  n o t  o n l y  t h e  m a r k e d  seasonality

o f  m a r i n e  p r o c e s s e s  t h r o u g h o u t  t h e  y e a r ,  b u t  a l s o  t h e  s i g n i f i c a n t  r o l e  o f

b a t h y m e t r i c  a n d  m e t e o r o l o g i c  c o n d i t i o n s  i n  c o n t r o l l i n g  t h e  p a t t e r n s  a n d

r a t e s  o f  i c e  m o v e m e n t  i n  t h e  r e g i o n . The results  have been summarized in a

m a p  o f  g e n e r a l i z e d  i c e  h a z a r d s  ( F i g . 6 ) ,  s i m i l a r  i n  m a n y  w a y s  t o  t h e  m a p s

d o n e  f o r  t h e  e n t i r e  B e r i n g  S e a  b y  S t r i n g e r  ( 1 9 7 8 ) .  T h e  f o l l o w i n g  i s  a  b r i e f

s u m m a r y  o f  t h e  t y p e s  o f  i c e - r e l a t e d  h a z a r d s  t h a t  c h a r a c t e r i z e  e a c h  o f  t h e

z o n e s . The  reader  i s  r e f e r red  t o  Ray  and  Dupr6 ( 1 9 8 1 )  f o r  a  m o r e  d e t a i l e d

d i s cuss i on  o f  the  i c e -dominated  reg ime  o f  Nor ton  Sound . r>

Z o n e  Ia i s  a  z o n e  o f  s h o r e f a s t  i c e  t h a t  e x t e n d s  t o  t h e  o u t e r  e d g e  o f

t h e  s u b - i c e  p l a t f o r m  of the Yukoa D e l t a ,  a p p r o x i m a t e l y  c o i n c i d e n t  w i t h  w a t e r

depths  o f  2 -3  m . O v e r - i c e  f l o w  (aufeis) o c c u r s  t h r o u g h o u t  t h e  w i n t e r  i n

a r e a s  o f  bottomfast  i c e  n e a r  t h e  m a j o r  d i s t r i b u t a r i e s  ( s e e  h a t c h i n g  i n

F i g .  6 ) . S u b - i c e  c u r r e n t s  b e n e a t h  t h e  f l o a t i n g  f a s t  i c e  m a y  r e s u l t  i n  s o m e

r e s u s p e n s i o n  o f  s e d i m e n t s  in t h e  s u b - i c e  c h a n n e l s  a n d  o n  t h e  o u t e r  e d g e  o f

the s u b - i c e  p l a t f o r m . T h i s  i s  a  r e l a t i v e l y  s t a b l e  z o n e  t h r o u g h o u t  t h e

w i n t e r ,  b u t  l a r g e  s h e e t s  o f  i c e  m a y  b r e a k  o f f  d u r i n g  s p r i n g  b r e a k u p . Zone

Ib i s  a  s l i g h t l y  l e s s  s t a b l e  a r e a  c h a r a c t e r i z e d  b y  f l o a t i n g  f a s t  i c e  d u r i n g—

most  o f  the  w inter ,  bu t  i c e  can  be c o m p l e t e l y  l a c k i n g  a n d  r e p l a c e d  b y  a

l a r g e  a r e a  of open  water  under  s ome  cond i t i ons  ( e . g . ,  13 -15  March  1976 ) .

Z o n e  Ic i s  t h e  z o n e  o f  s h o r e f a s t  i c e  t h a t  f r i n g e s  m o s t  o f  N o r t o n  S o u n d .

I t  i s  l a r g e l y  f l o a t i n g  f a s t  i c e , a n d  i s  m o r e  v a r i a b l e  i n  e x t e n t  a n d  l e s s

s t a b l e , a s  l a r g e  s h e e t s  o f  i c e  m a y  b r e a k  o f f  r e p e a t e d l y  t h r o u g h o u t  t h e

w i n t e r .

Z o n e  IIa i s  a  b r o a d , seaward-accreting s t a m u k h i  z o n e  f o r m e d  by the

c o n v e r g e n c e  a n d  d e f o r m a t i o n  o f  i c e  f o r m e d  m a i n l y  i n  N o r t o n  S o u n d . The

c o n f i g u r a t i o n  o f  t h e  o u t e r  m a r g i n  o f  t h i s  z o n e  a p p e a r s  t o  b e  c o n t r o l l e d  b y



S t u a r t  I s l a n d  t o  t h e  e a s t  a n d  a  s e r i e s  o f  o f f s h o r e  s h o a l s  t o  t h e  w e s t ;  i t  i s

a p p r o x i m a t e l y  c o i n c i d e n t  w i t h  t h e  1 4 - m  i s o b a t h . I t  i s  c h a r a c t e r i z e d  b y

e x t e n s i v e  i c e  s h e a r i n g  a n d  a  r e l a t i v e l y  h i g h  i n t e n s i t y  o f  i c e  g o u g i n g  o f  t h e

s e a  f l o o r  ( a s  d e l i n e a t e d  b y  T h o r  a n d  Nelson  1 9 7 9 ) .  Z o n e  IIb i s  l o c a t e d  w e s t

o f  the  de l ta  in  water  dep ths  f r om 3  t o  14  m . I t  i s  a  r e l a t i v e l y  u n s t a b l e

a r e a  c h a r a c t e r i z e d  b y  i c e  d e f o r m a t i o n  a n d  a c c r e t i o n  t o  t h e  s h o r e f a s t  i c e

( z o n e  I a )  d u r i n g  p e r i o d s  o f  o n s h o r e  ( w e s t e r l y )  w i n d s  a n d  a n  o f f s h o r e

m o v e m e n t  o f  i c e  a n d  t h e  d e v e l o p m e n t  o f  a  l a r g e ,  o p e n  w a t e r  a r e a  (polyna)

d u r i n g  p e r i o d s  o f  o f f s h o r e  ( e a s t e r l y )  w i n d s . I t  i s  c h a r a c t e r i z e d  b y  a

m o d e r a t e l y  h i g h  i n t e n s i t y  o f  i c e  g o u g i n g .

Z o n e  111 i s  a n  a r e a  o f  s e a s o n a l  p a c k  i c e  f o r m e d  mainly  i n  s i t u ,  w i t h i n

Norton Sound. T h e  i c e  t y p i c a l l y  m o v e s  s o u t h  a n d  w e s t  i n  r e s p o n s e  t o  t h e

predominant  nor theas te r ly  w inds  throughout  the  w inter ,  bu t  i t  may  dr i f t

s l o w l y  i n  r e s p o n s e  t o  o c e a n i c  c u r r e n t s  d u r i n g  p e r i o d s  o f  l o w  w i n d s . The

s o u t h e r n  p o r t i o n  o f  t h i s  z o n e  i s  c h a r a c t e r i z e d  b y  w i d e s p r e a d  s h e a r i n g  o f

i c e ,  a n d  i s  a p p r o x i m a t e l y  c o i n c i d e n t  w i t h  t h e  a r e a  o f  v e r y  h i g h  d e n s i t y  o f

i c e  g o u g i n g  d e l i n e a t e d  b y  T h o r  a n d  N e l s o n  ( 1 9 7 9 ) .  T h e  w e s t e r n  b o u n d a r y  i s

a p p r o x i m a t e l y  c o i n c i d e n t  w i t h  t h e  2 0 - m  i s o b a t h , s e p a r a t i n g  p a c k  i c e  f o r m e d

in  Nor ton  Sound  f rom the  th i cker  pack  i c e  f o rmed  far ther  t o  the  nor th .  Pack

i ce  f r om the  Ber ing  and  Chukchi s e a s  e n t e r s  t h e  s o u n d  o n l y  r a r e l y ,  w h e n

e s p e c i a l l y  s t r o n g  n o r t h w e s t e r l y  w i n d s  b l o w .

Z o n e  I V  c o n s i s t s  o f  s e a s o n a l  p a c k  i c e  f o r m e d  i n  t h e  n o r t h e r n  B e r i n g  a n d

Chukchi  s e a s . I t  t y p i c a l l y  m o v e s  t o  t h e  s o u t h  i n  r e s p o n s e  t o  n o r t h e r l y

w i n d s  f o r  m o s t  o f  t h e  w i n t e r ;  h o w e v e r ,  s h o r t - l i v e d  p e r i o d s  o f  n o r t h e r l y  i c e

movement  can  o c cur  dur ing  the  passage  o f  low p r e s s u r e  s y s t e m s . T h e  i c e

t y p i c a l l y  b e g i n s  t o  c o n s i s t e n t l y  m o v e  t o  t h e  n o r t h  i n  l a t e  A p r i l  o r  e a r l y

May. Z o n e  I V a  i s  t h e  “ r a c e t r a c k , ” c h a r a c t e r i z e d  b y  i n t e r v a l s  o f  e x t r e m e l y

rap id ,  s ou ther ly  movement  o f  pack  i c e  (up  t o  45  km/day )  f o l l ow ing  ma jo r  i c e

de fo rmat i on  events  nor th  o f  Ber ing  S t ra i t  ( des c r ibed  by  Shap i ro  and  Burns

1975) . T h i s  z o n e  i s  c h a r a c t e r i z e d  b y  h i g h l y  f r a c t u r e d  nilas i c e  d u r i n g

p e r i o d s  o f  r e l a t i v e  q u i e s c e n c e . T h e  e a s t e r n  m a r g i n  i s  a p p r o x i m a t e l y

c o i n c i d e n t  w i t h  t h e  2 2 - m  i s o b a t h . T h e  w e s t e r n  m a r g i n  i s  m o r e  v a r i a b l e ,  a s

i t  a p p e a r s  t o  b e  c o n t r o l l e d  b y  t h e  g e o m e t r y  o f  i c e  p i l i n g  u p  o n  t h e  n o r t h e r n

s i d e  o f  S t .  L a w r e n c e  I s l a n d . T h e  r a p i d  m o v e m e n t  i s  e v i d e n c e  o f  t h e  l a c k  o f

g r o u n d e d  i c e ,  a s  w e l l  a s  t h e  l a c k  o f  i c e  g o u g i n g  ( a s  d e l i n e a t e d  b y  T h o r  a n d
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Nelson 1979). Zone IVb is in water depths of 20 to 22 m, and is character-

ized by less rapid ice movement than in the racetrack. Some grounded ice

may occur in this zone, particularly in the area of shoals southwest of the

delta. Zone IVC is in water depths of 14 to 20 m, and is characterized by

open water during periods of easterly winds, and by onshore moving pack ice

during periods of westerly winds. It differs from zone IIb mainly by its

mobility; i.e., it rarely forms a stamukhi zone accreted  to the shorefast

ice. Nonetheless, some grounded ice and ice gouging occur in this zone, as

well. Zone IVd is similar to zone IVb, and was not studied in detail.

Zones Va and Vb are zones of ice divergence formed by persistent—
offshore winds (cf. Muench and Ahlnas 1976). These are typically areas of

open water where ice is actively forming for most of the winter.

CONCLUSIONS

1 . T h e  Y u k o n - K u s k o k w i m  D e l t a  r e g i o n  i s  c h a r a c t e r i z e d  b y  w i d e s p r e a d  e v i -

dence  o f  Quaternary  tectonism. E v i d e n c e  o f  H o l o c e n e  f a u l t i n g ,  a n d  t h e

r e l a t i v e l y  h i g h  s u s c e p t i b i l i t y  f o r  l i q u e f a c t i o n  o f  m o s t  o f  t h e  fluvial

a n d  deltaic s e d i m e n t s ,  i m p o s e  p o t e n t i a l l y  s e r i o u s  g e o l o g i c  c o n s t r a i n t s

o n  t h e  s e l e c t i o n  o f  o f f s h o r e  s i t e s  a n d  d e s i g n  o f  o f f s h o r e  s t r u c t u r e s .

The risk from explosive vo l can i c  a c t i v i t y ,  however ,  appears  min ima l .

2 . P l e i s t o c e n e  s e d i m e n t s  b e n e a t h  m o s t  o f  N o r t o n  S o u n d  c o n t a i n e d  t h i c k ,

i c e - b o u n d  p e r m a f r o s t  t h a t  w a s  a c t i v e l y  f o r m i n g  a s  r e c e n t l y  a s  1 0 , 0 0 0

years  ago ;  s ome  may  remain  o f f shore  as  r e l i c t  permaf ros t . O f f s h o r e

p e r m a f r o s t  i n  m o d e r n .  s e d i m e n t s  i s  l e s s  l i k e l y  a n d ,  i f  p r e s e n t ,  w i l l  b e

t h i n ,  d i s c o n t i n u o u s ,  a n d  r e s t r i c t e d  to water  dep ths  l e s s  than  1  m .

3. The depositional environments of the Yukon Delta differ from most

previously described deltas, mainly by the presence of a broad, shallow

sub-ice platform and associated sub-ice channels. The potential for

rapid erosion by these actively meandering subaqueous channels is

especially serious, as is the relatively high susceptibility for

liquefaction of much of the offshore sediments.
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4. The shallowness of Norton Sound, combined with the marked seasonality

of marine and fluvial processes, has resulted in a complex pattern of

sediment resuspension and reworking. This makes the predicted paths of

sediment (and pollutant) transport more complex than might be expected

in deeper basins in more temperate climates.

5 . S a t e l l i t e  i m a g e r y ,  u s e d  i n  c o m b i n a t i o n  w i t h  a v a i l a b l e  w e a t h e r  d a t a ,  h a s

d o c u m e n t e d  r e l a t i v e l y  s y s t e m a t i c  p a t t e r n s  o f  i c e  m o v e m e n t  c o n t r o l l e d

l a r g e l y  b y  l o c a l  w i n d s  a n d  o f f s h o r e  b a t h y m e t r y .  T h i s  h a s  a l l o w e d  t h e

s u b d i v i s i o n  o f  t h e  N o r t o n  S o u n d  r e g i o n  i n t o  z o n e s ,  e a c h  c h a r a c t e r i z e d

by  a  par t i cu lar  type  of i c e  a n d  i c e  m o v e m e n t .

IMPLICATIONS AND RECOMMENDATIONS FOR FUTURE STUDY

I m p l i c a t i o n s

T h e  s e l e c t i o n  o f  o f f s h o r e  s i t e s  a n d  t h e  d e s i g n  o f  o f f s h o r e  s t r u c t u r e s

m u s t  t a k e  i n t o  a c c o u n t  t h e  p o t e n t i a l l y  h i g h  s e i s m i c  r i s k  b a s e d  o n  t h e

e v i d e n c e  o f  n e a r b y  H o l o c e n e  f a u l t i n g . I n  a d d i t i o n ,  t h e  p o s s i b i l i t y  f o r

s e i s m i c a l l y  i n d u c e d  a n d  w a v e - i n d u c e d  l i q u e f a c t i o n  i s  r e l a t i v e l y  h i g h  f o r

m u c h  o f  t h e  N o r t o n .  S o u n d  r e g i o n  u n d e r l a i n  by we l l - s o r ted  deltaic s e d i m e n t s .

O t h e r  p o t e n t i a l  g e o h a z a r d s  i n c l u d e  r a p i d  e r o s i o n  a n d  s e d i m e n t a t i o n

a s s o c i a t e d  with s u b - i c e  c h a n n e l s , t h e  m o b i l i t y  a n d  d e f o r m a t i o n  o f  s e a s o n a l

p a c k  i c e ,  t h e  e x t e n t  a n d  v a r i a b i l i t y  o f  s h o r e f a s t  i c e ,  a n d  t h e  p o s s i b i l i t y

cf o f f shore  permafros t  beneath  par t  o f  Nor ton  Sound . L a s t l y ,  p r e d i c t i n g  t h e

p a t h s  o f  s e d i m e n t  a n d / o r  p o l l u t a n t s  i s  c o m p l i c a t e d  b y  t h e  s e a s o n a l

v a r i a b i l i t y  o f  c o a s t a l  p r o c e s s e s  a n d  t h e  s h a l l o w n e s s  o f  t h e  d e p o s i t i o n a l

b a s i n ,  w h i c h  c a u s e  e x t e n s i v e  r e w o r k i n g  a n d  r e d i s t r i b u t i o n  o f  s e d i m e n t .

Recommendations for Future Study

M a n y  o f  t h e  p o t e n t i a l  g e o l o g i c  h a z a r d s  w h i c h  m u s t  b e  c o n s i d e r e d  i n  t h e

c o u r s e  o f  d e v e l o p i n g  N o r t o n  B a s i n  r e l a t e  to t h e  Q u a r t e r n a r y  d e p o s i t s  a n d  t h e
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processes by which they formed (including those active today). Some of the

problems require substantial additional study. They include the following:

1) LIQUEFACTION

Most of the sediments on the delta margin and delta front consist

of well-sorted sands and silts which may have a high potential for

liquefaction. These sediments commonly occur in the sub-ice channels,

the outer edge of the sub-ice platform, and on the delta front in the

western part of the delta. This is based not only on grain size

analyses, but also on the abundance of liquefaction-induced deformation

features noted in cores from the Karluk, particularly where sub-ice

channel facies were cored.

Recommendation: Look at the relationship between the potential

for liquefaction as a function of depositional  environment, emphasizing

the correlation between grain size, liquefaction-induced features, and

environment. If the correlation exists (and I believe strongly that it

does), spend more effort in obtaining more information on the

geotechnical  proper t i e s  o f  s ed iments  in  the  var i ous  env i ronments  and  a

more  de ta i l ed  map  o f  the  d i s t r ibut i on  o f  the  depositional  e n v i r o n m e n t s

( n o t i n g

f a c i e s ,

2 )  S U B - I C E

well the distribution of the sub-ice channel and delta front

as well as the thickness of the Holocene sediments).

CHANNELS

T h e s e  c h a n n e l s  a p p e a r  t o  b e  r e s t r i c t e d  t o  i c e - d o m i n a t e d  d e l t a s ,

h e n c e  t h e y  m a y  p r e s e n t  s o m e  u n e x p e c t e d  p r o b l e m s .  T h e y  a r e  a c t i v e l y

m e a n d e r i n g ,  w i t h  e r o s i o n  o n  t h e  c u t  b a n k s  a n d  d e p o s i t i o n  o n  t h e  s u b -

a q u e o u s  p o i n t  b a r s . The channels  are  up to  0 .5  km wide and up to  10 m

d e e p ,  a n d  a p p e a r  to b e  a r e a s  o f  a c t i v e  s e d i m e n t  t r a n s p o r t  a s  w e l l ,

w i t h  s a n d  w a v e s  u p  t o  1  m  h i g h  l o c a l l y . T h e r e  i s ,  t h e r e f o r e ,  p o t e n t i a l

f o r  s cour  and  fill i n  t h e s e  c h a n n e l s ,  e s p e c i a l l y  d u r i n g  s p r i n g  b r e a k u p .

R e c o m m e n d a t i o n :  C o m p i l e  e x i s t i n g  L a n d s a t  a n d  b a t h y m e t r i c  d a t a  o n

t h e  g e o m e t r y  a n d  d i s t r i b u t i o n  o f  t h e s e  c h a n n e l s ,  i n c l u d i n g  a n y  e v i d e n c e

o n  t h e  r a t e s  o f  c h a n n e l  m i g r a t i o n  b y  c o m p a r i n g  t h e  o l d  m a p s  w i t h  t h e

n e w e r  d a t a . C o n s i d e r  i n  s i t u  m o n i t o r i n g  b e f o r e ,  d u r i n g ,  a n d  a f t e r

breakup  t o  de te rmine  the  amount  o f  s c our  and  f i l l  tha t  might  o c cur



( a l t e r n a t i v e l y ,  o b t a i n  vibracores i n  t h e  c h a n n e l s  t o  d e t e r m i n e  t h e

t h i c k n e s s  o f  t h e  c h a n n e l  f i l l  d e p o s i t s ,  w h i c h  s h o u l d  a p p r o x i m a t e  t h e

d e p t h  o f  s c o u r  d u r i n g  f l o o d i n g ) . AISCI c o n s i d e r  i n  s i t u  m o n i t o r i n g  o f

currents  in  the  channe l s  dur ing  s t o rms  and  under  the  i c e ,  a s  they  may

s e r v e  a s  c o n d u i t s  f o r  r e t u r n  f l o w s  r e s u l t i n g

3) DELTA FRONT

T h e  d e l t a  f r o n t  i s  a  r e l a t i v e l y  s t e e p l y

i n  f l u s h i n g  o f  s e d i m e n t s .

d ipp ing  area  f r om water

depths  o f  3  to 1 5  m ,  w h i c h  a p p e a r s  t o  b e  a n  a r e a  o f  r e l a t i v e l y  a c t i v e

d e p o s i t i o n  i n  t h e  w e s t e r n  p a r t  o f  t h e  d e l t a ,  n e a r  t h e  m o u t h s  o f  t h e

m a j o r  d i s t r i b u t a r i e s . I t  a p p e a r s  t o  b e  a n  a r e a  o f  e r o s i o n ,  h o w e v e r ,  o n

t h e  n o r t h e r n  p a r t s  o f  t h e  d e l t a ,  j u d g i n g  f r o m  p r e l i m i n a r y  c o m p a r i s o n s

o f  1 8 9 9  bathymetry  wi th  da ta  co l l e c t ed  f r om the  RV Karluk ( U S G S  c r u i s e ,

1 9 7 8 ) . I n  a d d i t i o n ,  t h e  n o r t h w e s t e r n  p a r t  o f  t h e  d e l t a  f r o n t  a p p e a r s

t o  c o n s i s t  o f  a  s e r i e s  o f  m i g r a t i n g  l i n e a r  s h o a l s ,  w i t h  r e s u l t i n g

c o m p l i c a t e d  p a t t e r n s  o f  e r o s i o n  a n d  d e p o s i t i o n . T h i s  i s  a l s o  a n  a r e a

w h e r e  l i q u e f a c t i o n - i n d u c e d  s l o p e  f a i l u r e s  a r e  l i k e l y  to o c c u r .

R e c o m m e n d a t i o n :  M a k e  a  d e t a i l e d  c o m p a r i s o n  o f  t h e  p r e - 1 9 7 8

bathymetry  w i th  tha t  c o l l e c t ed  by  the  RV  Karluk to  de te rmine  the

d i re c t i on  and  ra tes  o f  movement . I f  t h e  r a t e s  a r e  s u c h  a s  t o  r e p r e s e n t

p o t e n t i a l  h a z a r d s ,  m o r e  d e t a i l e d  b a t h y m e t r i c  d a t a  s h o u l d  b e  c o l l e c t e d

( t h i s  i s  p r o b a b l y  n e c e s s a r y  i n  a n y  c a s e ,  a s  t h e  e x i s t i n g  d a t a  a r e  q u i t e

i n s u f f i c i e n t )  . I n  a d d i t i o n ,  o b t a i n  s i d e - s c a n  d a t a  o n  t h e  d e l t a  f r o n t ,

l o o k i n g  f o r  e v i d e n c e  o f

vibracores t o  d e t e r m i n e

4) OFFSHORE PERMAFROST

l i q u e f a c t i o n - i n d u c e d  s l u m p  f e a t u r e s ,  a n d

t h e  geotechnical  p r o p e r t i e s  o f  t h e  s e d i m e n t s .

There  i s  abundant  ev idence  tha t  much  (mos t ? )  o f  Nor ton  Sound  was

u n d e r l a i n  b y  t h i c k ,  i c e - b o u n d  p e r m a f r o s t  t h a t  w a s  a c t i v e l y  f o r m i n g  a s

r e c e n t l y  as  1 0 , 0 0 0  y e a r s  a g o . Thus a very real possibility exists for

the presence of relict ice-bound permafrost underlying parts of Norton

Sound today.

Recommendation: Delineate the distribution of Holocene and

Pleistocene deposits beneath Norton Sound, perhaps with the use of

high-resolution seismic profiling, coupled with test drilling to



d e t e r m i n e  t h e  geotechnical p r o p e r t i e s  o f  t h e  s e d i m e n t s ,  i n c l u d i n g  t h e

p r e s e n c e ,  i f  a n y ,  o f  r e l i c t ,  i c e - b o u n d  p e r m a f r o s t .

5) SEASONAL VARIABILITY OF MARINE PROCESSES

I t  has  become  inc reas ing ly  apparent  tha t  the  processes  o f  s ed iment

t ranspor t  and  depos i t i on  (and  resuspens i on )  a re  f a r  more  c omplex  than

p r e v i o u s l y  t h o u g h t . T h e  e x t r e m e  s e a s o n a l i t y  o f  p r o c e s s e s ,  i n c l u d i n g

t h o s e  a s s o c i a t e d  w i t h  r i v e r  i n f l u x ,  w i n d  a n d  w a v e s ,  o c e a n i c  a n d  t i d a l

c u r r e n t s ,  a n d  i c e  m u s t  b e  s t u d i e d  i n  m o r e  d e t a i l  i f  p r e d i c t i v e  m o d e l s

o f  s e d i m e n t  ( a n d  p o l l u t a n t )  t r a n s p o r t  a r e  t o  b e  p r o p e r l y  d e v e l o p e d .

Recommendation: F u n d  a  s e r i e s  o f  c o o r d i n a t e d ,  i n t e r d i s c i p l i n a r y

s t u d i e s  of i n  s i t u  m o n i t o r i n g  o f  p r o c e s s e s  d u r i n g  s e v e r a l  p e r i o d s  o f

t h e  y e a r . Such  a  program cou ld  be  pa t te rned  as  f o l l ows :

a )

b )

c )

d )

Winter -dominated  per i od : T h i s  w o u l d  i n c l u d e  b o t h  l a b o r a t o r y

s tud ies  o f  weather  pa t t e rns  and  i c e  movement  as  de te c tab l e  on

s a t e l l i t e  i m a g e r y ,  a n d  f i e l d  s t u d i e s  t o  m e a s u r e  i c e  t h i c k n e s s

a n d  p a t t e r n s  o f  i c e  m o v e m e n t  a n d  d e f o r m a t i o n ,  a s  w e l l  a s

s u b - i c e  p r o c e s s e s  s u c h  a s  o c e a n i c  c u r r e n t s  a n d  t i d e s  i n  a

v a r i e t y  o f  e n v i r o n m e n t s  s u c h  a s  s u b - i c e  c h a n n e l s ,  t h e  d e l t a

f r o n t ,  a n d  p r o d e l t a .

Breakup: T h i s  p e r i o d  i s  o f  e x t r e m e  i m p o r t a n c e  i n  e s t a b l i s h i n g

and maintaining many of  the environments which appear unique

t o  i c e - d o m i n a t e d  c o a s t a l  z o n e s . I n  s i t u  m o n i t o r i n g  o f

c u r r e n t s  a n d  s e d i m e n t  t r a n s p o r t  o n  t o p  o f  t h e  f a s t  i c e  a n d

b e l o w  t h e  i c e  c a n o p y ,  b o t h  5n s u b - i c e  c h a n n e l s  a n d  i n  t h e

s u b - i c e  p l a t f o r m ,  w o u l d  b e  n e c e s s a r y .

R i v e r - d o m i n a t e d  p e r i o d : This period is dominated by the high

sed iment  d i s charge  o f  the  Yukon . S tud ies  emphas i z ing  the

pat te rn  o f  s ed imenta t i on  dur ing  th i s  t ime  wou ld  be  ex t reme ly

u s e f u l . O f f shore  wave  and  current  meters  wou ld  be  ins ta l l ed .

S torm-dominated  per i od : L a t e  s u m m e r - e a r l y  f a l l  i s  a  p e r i o d

dominated  by  the  c ombined  e f f e c t s  o f  de c reas ing  sed iment  input

a n d  i n c r e a s i n g  s t o r m  f r e q u e n c y  ( h e n c e  s e d i m e n t  r e w o r k i n g ) .  I n

s i t u  m o n i t o r i n g  o f  o f f s h o r e  p r o c e s s e s  i s  p a r t i c u l a r l y  i m p o r -

t a n t  d u r i n g  t h i s  p e r i o d .

426



e ) F r e e z e - u p : It w o u l d  a l s o  b e  u s e f u l  t o  s t u d y  t h e  p r o c e s s e s  b y

whi ch  the  shore fas t  i c e  f o rms  and  expands  over  the  sub - i c e

p l a t f o r m  a n d  a s s o c i a t e d  c h a n n e l s . T h i s  w o u l d  r e q u i r e  i n  s i t u

mon i t o r ing  f r om la te  Oc tober  t o  ear ly  November .
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ABSTRACT

F i e l d  m a p p i n g  i n  t h e  Y u k o n  D e l t a  r e g i o n  o f  w e s t e r n  A l a s k a ,  c o m b i n e d
w i t h  l a b o r a t o r y  a n a l y s i s  o f  s e d i m e n t  a n d  L a n d s a t  i m a g e r y ,  has p r o v i d e d
i n s i g h t s  i n t o  t h e  r o l e  o f  c l i m a t e  a n d  t e c t o n i c s  o n  deltaic p r o c e s s e s  o n
h i g h - l a t i t u d e  c o n t i n e n t a l  s h e l v e s . T h e  c l i m a t i c  a n d  t e c t o n i c  i n f l u e n c e s  o n
s e d i m e n t  t y p e ,  i n  c o m b i n a t i o n  w i t h  t h e  r o l e  o f  r i v e r  a n d  s e a  i c e  i n
c o n t r o l l i n g  p a t t e r n s  o f  s e d i m e n t  t r a n s p o r t  a n d  d e p o s i t i o n ,  s u g g e s t  t h a t  t h e
Y u k o n  D e l t a  m a y  p r o v i d e  a  m o d e l  f o r  deltaic s e d i m e n t a t i o n  i n  a n  ice-
dominated environment.

The  c ombinat i on  o f  an  a r c t i c  and  subarc t i c  c l imate  and  ex tens ive
C e n o z o i c  t e c t o n i s m  h a s  r e s u l t e d  i n  t h e  p r o d u c t i o n  o f  a  mineralogically
i m m a t u r e  s u i t e  o f  s i l t s  a n d  s a n d s  ( t y p i c a l l y  f e l d s p a t h i c  litharenites) w i t h
a  r e l a t i v e  p a u c i t y  o f  c l a y s . T h e  t e x t u r a l  a n d  m i n e r a l o g i c a l  c o m p o s i t i o n  o f
t h e s e  s e d i m e n t s  w i l l ,  i n  t u r n ,  i n f l u e n c e  t h e i r  geotechnical  p r o p e r t i e s  a s
well a s  p o s t - d e p o s i t i o n a l  c o m p a c t i o n  a n d  d i a g e n e t i c  e f f e c t s .

The  processes  o f  s ed iment  t ranspor t  and  depos i t i on  in  the  Yukon  De l ta
v a r y  s y s t e m a t i c a l l y  t h r o u g h o u t  t h e  y e a r . T h e r e  e x i s t s  a n  i c e - d o m i n a t e d ,
r i ver -dominated ,  and  s t o rm-dominated  reg imen ,  each  cons i s t ing  o f  a
c h a r a c t e r i s t i c  s e t  o f  p r o c e s s e s . T h e s e  p r o c e s s e s  c a n  c o n s t i t u t e  g e o l o g i c
h a z a r d s  w h i c h  v a r y  w i t h  s e a s o n  a n d  d e p o s i t i o n a l  e n v i r o n m e n t ,  t h e r e b y
s i g n i f i c a n t l y  a f f e c t i n g  t h e  s i t i n g  o f  o f f s h o r e  f a c i l i t i e s .

T h e  g e o m e t r y  o f  t h e  d e l t a  a n d  i t s  v a r i o u s  d e p o s i t i o n a l  e n v i r o n m e n t s  i s
s t r o n g l y  i n f l u e n c e d  b y  t h e  e f f e c t s  o f  s e a  i c e . A  compar i son  o f  the  sub -
a q u e o u s  p r o f i l e  o f  t h e  Y u k o n  Delta  w i t h  t h o s e  o f  p r e v i o u s l y  d e s c r i b e d  wave-
and  r i ve r -dominated  de l tas  r evea l s  a  b road “ s u b - i c e  p l a t f o r m ”  t y p i c a l l y  l e s s
than  2  m  deep  and  up  t o  30  km wide  separa t ing  the  in te r t ida l  depos i t s  f r om
t h e  p r o g r a d i n g  d e l t a  f r o n t . T h i s  p l a t f o r m ,  a s  w e l l  a s  a s s o c i a t e d  “ s u b - i c e
c h a n n e l s ” w h i c h  e x t e n d  t e n s  o f  k i l o m e t e r s  o f f s h o r e  f r o m  t h e  m a j o r  d i s t r i b u -
t a r i e s ,  c o n s t i t u t e  m a j o r  d i f f e r e n c e s  w i t h  p r e v i o u s l y  d e s c r i b e d  d e l t a s .
Thus , t h e  Y u k o n  m a y  r e p r e s e n t  a  d i s t i n c t  c l a s s  o f  i c e - d o m i n a t e d  d e l t a ,
s i m i l a r  i n  m a n y  r e s p e c t s  t o  d e l t a s  p r e s e n t l y  f o r m i n g  i n  t h e  A r c t i c . F a i l u r e
t o  r e c o g n i z e  t h e  u n i q u e  c h a r a c t e r i s t i c s  o f  i c e - d o m i n a t e d  d e l t a s  c a n  r e s u l t
i n  s e r i o u s  e r r o r s  i n  t h e  e s t i m a t i o n  o f  t h e  r e s e r v o i r  p o t e n t i a l  o f  deltaic
s e d i m e n t s  d e p o s i t e d  u n d e r  s i m i l a r  c l i m a t i c  c o n d i t i o n s .



INTRODUCTION

The prospect of oil and gas exploration in Norton Sound (Fig. 1) has
focused increased attention on the Yukon Delta, both as an area that might
be significantly affected by such development, and as a possible analogue
for older, Yukon-derived deltaic sediment which might serve as possible
reservoir rocks in Norton Basin. Preliminary studies demonstrate that the
depositional environments and related processes associated with the Yukon
Delta differ markedly from those of most previously described deltas. The
purpose of this paper is to describe these environments and processes, as
they may provide a possible model for a newly defined class of ice-dominated
d e l t a s .  P a r t s  o f  t h e  m o d e l  a r e  s p e c u l a t i v e ;  h o w e v e r ,  i t  m a y  p r o v i d e  a  b a s i s
f o r  fu ture  d i s cuss i on  on  the  r o l e  o f  i c e  in  deltaic s e d i m e n t a t i o n  o n
h i g h - l a t i t u d e  c o n t i n e n t a l  s h e l v e s .

METHODS

F i e l d  w o r k  d u r i n g  t h e  s u m m e r s  o f  1 9 7 5  t h r o u g h  1 9 7 8 ,  a n d  i n t e r p r e t a t i o n
of bathymetric and topographic maps, aerial photographs, and Landsat
imagery, have provided an overview of the major depositional environments of
the Yukon Delta as well as processes which characterize each environment.
Sediment from most of the depositional environments was analyzed using the
Rice University Automated Sediment Analyzer. This system uses a large
settling tube to analyze the sand, a smaller settling tube to analyze the
coarse silt, and a hydrophotometer to analyze the fine silt and clay.
A d d i t i o n a l  g r a i n  s i z e  i n f o r m a t i o n  w a s  a l s o  a v a i l a b l e  f o r  a  l i m i t e d  n u m b e r  o f
s a m p l e s  f r o m  t h e  d e l t a  f r o n t  a n d  p r o d e l t a  e n v i r o n m e n t s  (McManus  et  al .  1977)
and  f r om a  l a rge ,  sub - i c e  channe l  (Mat thews  1973 ) .  X - ray  pho tographs  o f
n u m e r o u s  c o r e s  w e r e  e x a m i n e d  t o  p r o v i d e  a d d i t i o n a l  i n f o r m a t i o n  o n  s e d i m e n t -
a r y  s t r u c t u r e s  a n d  b i o t u r b a t i o n ,  p a r t i c u l a r l y  i n  i n t e r t i d a l  d e p o s i t s .  I n
add i t i on ,  po in t  c ounts  were  made  o f  g ra in  mounts  o f  sand  co l l e c t ed  f r om a
v a r i e t y  o f  e n v i r o n m e n t s  t o  d e t e r m i n e  t h e  e f f e c t s  o f  p r o v e n a n c e  a n d  c l i m a t e
o n  t h e  c o m p o s i t i o n  o f  t h e  s e d i m e n t .

GEOLOGIC SETTING

T h e  Y u k o n  R i v e r  d r a i n s  a n  a r e a  o f  a p p r o x i m a t e l y  8 5 5 , 0 0  kmz, p rov id ing  a
w a t e r  d i s c h a r g e  o f  a p p r o x i m a t e l y  6 , 2 2 0  m3 / s e c  and  a  sed iment  l oad  o f  approx -
imately  88 million tons/year, representing almost  90% of the total sediment
p r e s e n t l y  e n t e r i n g  t h e  B e r i n g  Sea  ( L i s i t s y n  1 9 7 2 ) .  T h e  s o u r c e  a r e a  i s  a
reg i on  o f  c on t inuous  t o  d i s cont inuous  permaf ros t  dominated  by  mechan i ca l
w e a t h e r i n g  ( i n c l u d i n g  t h e  e f f e c t s  o f  g l a c i a t i o n ) .  T h e  r e s u l t  o f  s u c h
w e a t h e r i n g  p r o c e s s e s  s h o u l d  b e  a  s e d i m e n t  h i g h  i n  s i l t  a n d  w i t h  a  r e l a t i v e
p a u c i t y  o f  c l a y s  ( e . g . , Taber 1943; Hill a n d  T e d r o w  1 9 6 1 ) ,  a n d  t h i s  i s
c o n f i r m e d  b y  s i z e  a n a l y s i s  o f  Y u k o n  s e d i m e n t s  ( F i g .  2 ) .  T h e  s o u r c e  a r e a  h a s
a  c o m p l e x  h i s t o r y  o f  C e n o z o i c  t e c t o n i s m ,  w h i c h ,  i n  c o m b i n a t i o n  w i t h  t h e
r e l a t i v e  l a c k  o f  c h e m i c a l  w e a t h e r i n g ,  h a s  r e s u l t e d  i n  t h e  p r o d u c t i o n  o f  a
compositionally  i m m a t u r e  s u i t e  o f  s a n d s  ( t y p i c a l l y  feldspathic  litharen-
ites) . Thus  bo th  the  t ex ture  and  compos i t i on  o f  the  sed iments  s t rong ly
r e f l e c t  t h e  c l i m a t i c  a n d  t e c t o n i c  s e t t i n g  o f  t h e  d r a i n a g e  b a s i n .

434



F i g u r e  1 . - -Location map and Landsat image of  the modern lobe
o f  t h e  Y u k o n  D e l t a  t a k e n  d u r i n g  b r e a k u p .
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T h e  m o d e r n  d e l t a  o f  t h e  Y u k o n  R i v e r  i s ’  a  r e l a t i v e l y  y o u n g  g e o l o g i c
f e a t u r e ,  h a v i n g  f o r m e d  s i n c e  a p p r o x i m a t e l y  2 , 5 0 0  y e a r s  a g o ,  w h e n  t h e  r i v e r
c o u r s e  s h i f t e d  t o  w h e r e  i t  p r e s e n t l y  e n t e r s  N o r t o n  S o u n d  (Dupr6 1 9 7 8 ) .
Nor ton  Sound  i s  a  b road  re - en t rant  o f  the  nor thern  Ber ing  Sea ,  charac te r i zed
by  l ow  ra tes  o f  t e c t on i c  subs idence  and  ex t reme ly  sha l l ow  water  dep ths
( g e n e r a l l y  l e s s  t h a n  2 0  m ) . T h e  s h a l l o w n e s s  o f  t h e  d e p o s i t i o n a l  b a s i n  h a s
a l l o w e d  e x t e n s i v e  r e w o r k i n g  o f  t h e  deltaic s e d i m e n t s  b y  a  v a r i e t y  o f
p r o c e s s e s ,  i n c l u d i n g  w a v e s ,  wind- a n d  t i d e - i n d u c e d  c u r r e n t s ,  a n d  o c e a n i c
c u r r e n t s ,  a s  w e l l  a s  p r o c e s s e s  a s s o c i a t e d  w i t h  i c e  m o v e m e n t .  T h e  r e l a t i v e
i m p o r t a n c e  o f  t h e s e  p r o c e s s e s  v a r i e s  s y s t e m a t i c a l l y  t h r o u g h o u t  t h e  y e a r ,
a l l o w i n g  t h e  d e f i n i t i o n  o f  i c e - d o m i n a t e d ,  r i v e r - d o m i n a t e d ,  a n d  storm-
d o m i n a t e d  r e g i m e n s  ( F i g .  3 ) .

SEASONALITY OF COASTAL PROCESSES

The ice-dominated regimen begins with freeze-up along the coast in l a t e
October  o r  November .  Shore fas t  i c e  ex tends  f r om 10  t o  30  km o f f shore ,  where
i t  i s  t e r m i n a t e d  b y  a  s e r i e s  o f  p r e s s u r e  r i d g e s  a n d  s h e a r  r i d g e s  (stamukhi
z o n e  o f  R e i m n i t z  e t  a l . 1 9 7 7 )  f o r m e d  b y  t h e  i n t e r a c t i o n  o f  t h e  s h o r e f a s t  i c e
w i t h  t h e  h i g h l y  m o b i l e ,  s e a s o n a l  p a c k  i c e  ( F i g .  4 A ) .  T h i s  t y p i c a l l y  o c c u r s
i n  w a t e r  d e p t h s  o f  5  t o  1 0  m ,  a n d  i s  a n  a r e a  o f  i n t e n s e  i c e  g o u g i n g .  G o u g i n g
m a y  r e s u l t  i n  t h e  r e s u s p e n s i o n  o f  s e d i m e n t ,  w h i c h  i s  t h e n  a v a i l a b l e  f o r
reworking and redistribution by relatively weak, sub-ice currents, some of
which may be induced by vertical movement of the floating fast ice (Barnes
and Reimnitz 1973).

R i v e r  b r e a k u p  t y p i c a l l y  o c c u r s  i n  l a t e  M a y ,  m a r k i n g  t h e  b e g i n n i n g  o f
the  r i ve r -dominated  reg imen .  Dur ing  b reakup ,  much  o f  the  sed iment  bypasses
t h e  n e a r s h o r e  z o n e  b y  a  c o m b i n a t i o n  o f  o v e r - i c e  f l o w  a n d  s u b - i c e  f l o w
t h r o u g h  a  s e r i e s  o f  c h a n n e l s  w h i c h  e x t e n d  u p  t o  3 0  k m  o f f s h o r e  ( F i g .  4B).
O n c e  t h e  s h o r e f a s t  i c e  m e l t s  o r  d r i f t s  o f f s h o r e ,  s e d i m e n t a t i o n  i s  d o m i n a t e d
b y  n o r m a l  deltaic processes  under  the  in f luence  o f  the  h igh  d i s charge  o f  the
Y u k o n  R i v e r .  T h e  d o m i n a n t  n o r t h e a s t e r l y  w i n d s  a r e  u s u a l l y  w e a k  a n d  b l o w  o v e r
a  r e l a t i v e l y  l i m i t e d  f e t c h , h e n c e  t h e  w a v e  e n e r g y  a l o n g  t h e  c o a s t  i s
g e n e r a l l y  l o w  d u r i n g  t h i s  t i m e  o f  y e a r .

Inc reas ing ly  f r equent  s outhwes te r ly  w inds  and  waves  assoc ia ted  w i th
ma jo r  s t o rms  dur ing  the  l a t e  summer  mark  the  beg inn ing  o f  the  storm-
d o m i n a t e d  r e g i m e n .  T h e  r e l a t i v e l y  long f e t c h  a n d  h i g h  w i n d s  r e s u l t  i n  h i g h
w a v e  e n e r g y  p a r t i c u l a r l y  o n  t h e  w e s t e r n  s i d e  o f  t h e  d e l t a .  H i g h  w a v e  e n e r g y
and  rap id ly  dec reas ing  sed iment  ‘ d i s charge  f r om the  Yukon  resu l t  in
s i g n i f i c a n t  c o a s t a l  e r o s i o n  a n d  r e w o r k i n g  o f  deltaic d e p o s i t s  i n  t h e  l a t e
summer .  Th i s  c on t inues  unt i l  f r eeze -up  when  i c e - r e la ted  processes  r ega in .
t h e i r  d o m i n a n c e .

T h e  n o r t h w e s t e r l y  f l o w i n g  A l a s k a  C o a s t a l  W a t e r  i m p i n g e s  o n  t h e  w e s t e r n
s i d e  o f  t h e  d e l t a  t h r o u g h o u t  t h e  y e a r ,  a l t h o u g h  t h e r e  a r e  l a r g e  s e a s o n a l
v a r i a t i o n s  i n  i t s  l a t e r a l  e x t e n t  ( C o a c h m a n  e t  a l .  1 9 7 5 ) .  H i g h  f l o w
v e l o c i t i e s  i n  t h e  A l a s k a  C o a s t a l  W a t e r  a p p e a r  r e s p o n s i b l e  f o r  a  l a r g e  a m o u n t
o f  f i n e - g r a i n e d  s e d i m e n t  b y p a s s i n g  N o r t o n  S o u n d  f o r  f i n a l  d e p o s i t i o n  i n  t h e
Chukchi  S e a ,  5 0 0 - 1 , 0 0 0  k m  t o  t h e  n o r t h w e s t  ( N e l s o n  a n d  C r e a g e r  1 9 7 7 ) .
S i m i l a r l y ,  t i d e s  w i t h  a  r a n g e  o f  1 - 1 . 5  m  a n d  t i d a l l y  i n d u c e d  c u r r e n t s  a r e
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active throughout the year, but their significance remains unclear. It seems
likely that both the flow within the Alaska Coastal Water and the tidally
induced currents are most important in transporting sediment resuspended by
other processes (e.g. , storm waves, ice gouging).

DEPOSITIONAL ENVIRONMENTS

T h e  s u b a e r i a l  m o r p h o l o g y  o f  t h e  Y u k o n  D e l t a  i s  s i m i l a r  t o  l o b a t e ,
h i g h - c o n s t r u c t i o n a l  d e l t a s  d e s c r i b e d  b y  F i s h e r  a n d  o t h e r s  ( 1 9 6 9 )  a s  t y p i c a l
o f  b e d l o a d - d o m i n a t e d  r i v e r s  e m p t y i n g  i n t o  s h a l l o w  d e p o s i t i o n a l  b a s i n s .  T h i s
i s  c o n s i s t e n t  w i t h  the g e o l o g i c  s e t t i n g  o f  t h e  Y u k o n  D e l t a . However, a more
c a r e f u l  e x a m i n a t i o n  o f  t h e  s u b a q u e o u s  m o r p h o l o g y  s u g g e s t s  t h a t  s u c h  a  c l a s s -
i f i c a t i o n  f a i l s  t o  r e c o g n i z e  s o m e  o f  t h e  u n i q u e  a s p e c t s  o f  t h e  Y u k o n  D e l t a .

T h e  d e l t a  plain i s  f r i n g e d  b y  p r o g r a d i n g  t i d a l  f l a t s  a n d  d i s t r i b u t a r y
m o u t h  b a r s ,  s i m i l a r  t o  m a n y  p r e v i o u s l y  d e s c r i b e d  d e l t a s .  T h e  Y u k o n  D e l t a  i s
u n u s u a l ,  h o w e v e r ,  i n  t h a t  t h e  d e l t a  f r o n t  a n d  p r o d e l t a  a r e  o f f s e t  f r o m  t h e
p r o g r a d i n g  s h o r e l i n e  b y  a  b r o a d  p l a t f o r m  ( h e r e  r e f e r r e d  t o  a s  a  s u b - i c e
p l a t f o r m ) ,  l o c a l l y  u p  t o  3 0  k m  w i d e . T h e  r e s u l t  i s  a  s u b a q u e o u s  p r o f i l e
( F i g .  5 )  q u i t e  u n l i k e  t h o s e  o f  wave- a n d  r i v e r - d o m i n a t e d  d e l t a s  d e s c r i b e d  b y
Wright  and Coleman (1973) .

T h e  b r o a d  p l a t f o r m  ( a n d  a s s o c i a t e d  s u b a q u e o u s  c h a n n e l s )  a p p e a r s  r e l a t e d
t o  t h e  p r e s e n c e  o f  s h o r e f a s t  i c e  w h i c h  f r i n g e s  t h e  d e l t a  f o r  a l m o s t  h a l f  t h e
y e a r .  S e v e r a l  w o r k e r s  ( e . g . Reimnitz  and Bruder 1972;  Reimnitz  and Barnes
1 9 7 4 ;  Walker 1974)  note that  patterns of  nearshore and sedimentation a l o n g
t h e  n o r t h  s l o p e  o f  A l a s k a  a r e  s t r o n g l y  i n f l u e n c e d  b y  t h e  p r e s e n c e  o f
s h o r e f a s t  i c e .  N a i d u  a n d  M o w a t t  ( 1 9 7 5 )  s u g g e s t  t h a t  t h i s  i s  u n i q u e  t o  d e l t a s
f o r m e d  b y  p o l a r  r i v e r s  in t h e  A r c t i c . W e  b e l i e v e  t h a t  t h e s e  s m a l l e r  a r c t i c
d e l t a s ,  a s  w e l l  a s  l a r g e r  d e l t a s  s u c h  a s  t h e  Y u k o n ,  M a c k e n z i e ,  a n d  L e n a ,
a c t u a l l y  r e p r e s e n t  a  s e p a r a t e  t y p e  o f  i c e - d o m i n a t e d  d e l t a ,  m o r p h o l o g i c a l l y
d i s t i n c t  f r o m  t h e  w a v e - ,  r i v e r - ,  a n d  t i d e - d o m i n a t e d  d e l t a s  p r e v i o u s l y
d e s c r i b e d  i n  t h e  l i t e r a t u r e  ( e . g . ,  G a l l o w a y  1 9 7 5 ) .  T h e  Y u k o n  D e l t a  m a y
provide a model for such an ice-dominated delta (Fig. 6).

T h e  d e l t a  p l a i n  c o n t a i n s  a  c o m p l e x  a s s e m b l a g e  o f  a c t i v e  a n d  a b a n d o n e d
d i s t r i b u t a r i e s ,  l e v e e s ,  i n t e r d i s t r i b u t a r y  m a r s h e s ,  a n d  l a k e s .  T h e  a c t i v e
d i s t r i b u t a r i e s  h a v e  l o w  to m o d e r a t e  sinuosity. T h e  r i v e r  h a s  t w o  m a i n
d i s t r ibutar i e s  ( 1 . 5  km wide  and  10 -15  m  deep ) ,  and  numerous  sma l l e r  d i s -
t r i butar i e s  ( s ome  as  sma l l  a s  20  m  wide  and  2 -5  m  deep )  t yp i ca l l y  spaced
e v e r y  1 - 2  k m  a l o n g  t h e  c o a s t . Point bars and rnidchannel  b a r s  a r e  c o m m o n ,
p a r t i c u l a r l y  a l o n g  t h e  l a r g e r  d i s t r i b u t a r i e s . C h a n n e l  a n d  b a r  d e p o s i t s  a r e
typically composed of  moderately to  well  sorted sand and si lty sand,  grading
u p w a r d s  a n d  l a t e r a l l y  i n t o  o r g a n i c - r i c h ,  p o o r l y  s o r t e d  s i l t  a n d  m u d
d e p o s i t e d  o n  n a t u r a l  l e v e e s  a n d  i n  m e a n d e r  swales.

T h e  d i s t r i b u t a r i e s  f r e q u e n t l y  s h i f t  t h e i r  c o u r s e  v i a  c h a n n e l  avulsion,
o f t e n  p r e c i p i t a t e d  b y  i c e  j a m s  r e s u l t i n g  i n  t h e  d e p o s i t i o n  o f  a n  a b a n d o n e d
c h a n n e l  f i l l  t y p i c a l l y  c o n s i s t i n g  o f  o r g a n i c - r i c h  s a n d y  s i l t  a n d  s i l t .
A b a n d o n e d  c h a n n e l s  a r e  h i g h l y  p r o n e  t o  f l o o d i n g  a n d  a r e  f r e q u e n t l y  r e o c c u -
p i e d  b y  d i s t r i b u t a r i e s ,  r e s u l t i n g  i n  a  c o m p l e x  delta s t r a t i g r a p h y .
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Figure 5. --Comparison of the subaqueous profiles of wave- and river-
d o m i n a t e d  d e l t a s  ( W r i g h t  a n d  C o l e m a n  1 9 7 3 )  w i t h  t h a t  o f  t h e  Y u k o n  D e l t a .
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I n t e r d i s t r i b u t a r y  a r e a s  i n  t h e  o l d e r ,  i n a c t i v e  p a r t s  o f  t h e  d e l t a  a r e
large ly  marshes  charac te r i zed  by  poor ly  s o r ted  s i l t  and  mud .  Freshwater
pea ts  may  be  up  t o  1  m  th i ck  in  the  o ldes t  par t s  o f  the  de l ta .  Some  sha l l ow
l a k e s  o c c u r  b e t w e e n  n a t u r a l  l e v e e s ,  b u t  m o s t  a r e  i n  t h e  p r o c e s s  o f  b e i n g
f i l l e d  w i t h  v e g e t a t i o n . I n c i p i e n t  p e r m a f r o s t  d e v e l o p m e n t  h a s  r e s u l t e d  i n  t h e
f o rmat i on  o f  pea t  mounds  (pa l sen )  in  many  f o rmer  l ake  beds .  Interdistribu-
t a r y  a r e a s  a l o n g  t h e  c o a s t  a r e  c h a r a c t e r i z e d  b y  m a r s h e s  o f  s a l t - t o l e r a n t
g r a s s e s  a n d  s e d g e s ,  t y p i c a l l y  f o r m i n g  o v e r  a c t i v e l y  p r o g r a d i n g  t i d a l
d e p o s i t s .  L o w  w a s h o v e r  r i d g e s  r e c o r d  s h o r t  i n t e r v a l s  o f  s h o r e l i n e  e r o s i o n ,
probab ly  dur ing  ma jor  s t o rms .

The delta margin is a term used informally here to include rapidly
prograding tidal flats and distributary mouth bars as well as the sub-ice
platform and associated offshore channels. Tidal flats are typically
100-1,000 m wide where they occur along the prograding margin of the delta.
The flats consist of poorly sorted sandy silt in areas of relatively low
wave energy (on the northern side of  the delta)  to  moderately  and poorly
s o r t e d  s i l t y  s a n d  i n  a r e a s  o f  h i g h e r  w a v e  e n e r g y  ( o n  t h e  w e s t e r n  s i d e  o f  t h e
de l ta ) .  The  t ida l  f l a t  depos i t s  c ommonly  f o rm a  f in ing -upwards  s e q u e n c e
( approx imate ly  1  m  th i ck )  o f  mixed  bedded , r i p p l e  a n d  p a r a l l e l - l a m i n a t e d
s i l t y  s a n d  a n d  s i l t . Pr imary  sed imentary  s t ruc tures  a re  o f t en  obscured ,
h o w e v e r ,  b y  e x t e n s i v e  b i o t u r b a t i o n ,  e s p e c i a l l y  i n  a r e a s  o f  h i g h  s i l t
c o n t e n t .  Detrital  p e a t  i s  l o c a l l y  a b u n d a n t ,  p a r t i c u l a r l y  i n  t h e  u p p e r  p a r t s
o f  t h e  p r o g r a d i n g  s e q u e n c e s . T h e  t i d a l  f l a t s  s h o w  a b u n d a n t  e v i d e n c e  o f  i c e
s c o u r  a n d  i c e  p l u c k i n g  s i m i l a r  t o  t h a t  d e s c r i b e d  b y  Dionne ( 1 9 6 9 ) ;  h o w e v e r ,
t h e  p r e s e r v a t i o n  p o t e n t i a l  o f  s u c h  f e a t u r e s  m a y  b e  s m a l l .

Middle-ground bars commonly occur at the mouths of the larger
distributaries. These are characterized by moderately to well-sorted sand in
areas of high wave energy and by poorly sorted silty sand in areas of low
wave energy. In addition, individual bars are typically coarser grained and
better sorted in the more proximal parts, getting finer grained on their
more distal edge. Sedimentary structures are mostly ripple and parallel
laminations, with little detrital peat or evidence of bioturbation.

Unlike most deltas, the major distributaries continue offshore after
bifurcation at the shoreline. These offshore extensions of the distribu-
taries (here referred to as sub-ice channels), are 0.5 to 1 km wide and 5 to
15 m deep; they extend up to 30 km across the sub-ice platform. The channels
have a low to moderate sinuosity with most showing clear evidence of lateral
migration and the deposition of subaqueous point bar deposits. These
deposits are probably characterized by a fining-upwards sequence (up to 15 m
thick) consisting of an erosional channel base overlain by moderately
sorted, fine to very fine sand grading upwards to moderately sorted sand and
silty sand deposited on subaqueous levees. Landsat imagery shows evidence of
these channels being areas of active bedload transport throughout most of
the summer; they may also serve as conduits for sub-ice currents during the
winter months as well.

The  sub - i c e  p la t f o rm ( o r  2 -meter  bench  o f  Toimil 1 9 7 7 )  h a s  a n  e x t r e m e l y
g e n t l e  s l o p e  ( t y p i c a l l y  1:1,000 o r  l e s s )  e x t e n d i n g  1 0 - 3 0  k m  o f f s h o r e .  T h e
average  dep th  over  mos t  o f  the  p la t f o rm i s  1 -2  m ;  however ,  there  c ommonly  i s
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an erosional(?) trough up to 5 m deep near the outer edge of the platform,
particularly along the northern edge of the delta. Unlike the nearshore
sediment of most deltas, the platform appears to be characterized by an
offshore increase in the percentage of sand (Fig. 7), ranging from poorly
sorted sandy silt nearshore to poorly and moderately sorted sand and silty
sand near the outer edge of the platform. T h i s  i s  s i m i l a r  t o  t r e n d s  r e p o r t e d
o f f  t h e  n o r t h  s l o p e  o f  A l a s k a  b y  B a r n e s  a n d  R e i m n i t z  ( 1 9 7 3 ) .

The sub-ice platform appears to be an area of sediment bypassing and
rework ing  throughout  much  o f  the  year . Sed iment  bypasses  the  inner  par t  o f
t h e  p l a t f o r m  d u r i n g  r i v e r  b r e a k u p  i n i t i a l l y  b y  o v e r - i c e  f l o w  ( s i m i l a r  t o
that  described by Reimnitz  and Bruder  1972 and Walker  1974) ,  as  wel l  as b y
s u b - i c e  f l o w  i n  t h e  o f f s h o r e  c h a n n e l s  c r o s s i n g  t h e  p l a t f o r m .  S e d i m e n t  i s
depos i t ed  f r om suspens i on  dur ing  the  summer  months ;  however ,  much  o f  tha t
sediment is  reworked during storms and perhaps during the winter months a s
well. The entire platform is sufficiently shallow to be reworked by waves,
but most of the larger waves break at the outer margin. This suggests that
the outer margin of the p~atform is an area of relatively high wave energy,
providing one mechanism to explain the offshore increase in sand. In
addition, the reduced cross-sectional area of the water column overlying the
sediment may act to accelerate sub-ice currents of various origins. The
inner part of the platform is frozen to the bottom with bottomfast ice;
however, the outer portion is overlain by floating fast ice where the
accentuated sub-ice currents could provide an additional mechanism for
winnowing of fine-grained sediment from the outer margin of the sub-ice
platform (of Barnes and Reimnitz 1973).

T h e  d e l t a  f r o n t  i s  a  t e r m  u s e d  h e r e  t o  d e s c r i b e  t h e  r e l a t i v e l y  s t e e p
(typicall~a=han 1:500) m a r g i n  o f  t h e  d e l t a  c h a r a c t e r i z e d  b y
apparent ly  rap id  depos i t i on  o f  s ed iment  in  water  dep ths  o f  2 -10  m .  Max imum
r a t e s  o f  p r o g r a d a t i o n  p r o b a b l y  o c c u r  a d j a c e n t  t o  t h e  m a j o r  d i s t r i b u t a r i e s
(and  assoc ia ted  sub - i c e  channe l s ) ,  p resumab ly  dur ing  the  summer  months .  The
morpho logy  o f  the  de l ta  f r on t  i s  more  c omplex  a l ong  the  nor thwes te rn  par t  o f
t h e  d e l t a  ( F i g . 6 B ) ,  w h e r e  i t  i n c l u d e s  a  s e r i e s  o f  l a r g e  ( 3 - 5  m  h i g h )  s h o a l s
w h i c h  a p p e a r  t o  b e  m i g r a t i n g  l a t e r a l l y  i n t o  N o r t o n  S o u n d .  T h i s  n o r t h e a s t e r l y
movement  i s  pe rpend i cu lar  t o  the  dominant  d i r e c t i on  o f  summer  sed iment
t r a n s p o r t ,  p e r h a p s  r e p r e s e n t i n g  e i t h e r  a  s e c o n d a r y  b i f u r c a t i o n  o f  t h e  A l a s k a
C o a s t a l  W a t e r  o r  t h e  e f f e c t  o f  s u p e r i m p o s e d  s t o r m -  o r  t i d e - i n d u c e d  c u r r e n t s .
The  ou te r  marg in  o f  the  de l ta  f r on t  ( in  5 -10  m  water  dep ths )  i s  an  a rea  o f
i n t e n s e  i c e  g o u g i n g  d u r i n g  t h e  w i n t e r  m o n t h s  ( T h o r  e t  a l .  1 9 7 7 ) ,  w h i c h  m a y
r e s u l t  i n  s i g n i f i c a n t  r e s u s p e n s i o n  a n d  r e w o r k i n g  o f  t h e  s e d i m e n t .

T h e  s e d i m e n t  c h a r a c t e r i s t i c s  o f  t h e  d e l t a  f r o n t  a r e  p o o r l y  k n o w n ,  b u t
t h e  w e s t e r n  m a r g i n  p r o b a b l y  c o n s i s t s  o f  p a r a l l e l  l a m i n a t e d  p o o r l y  s o r t e d
s i l t y  s a n d  a n d  s a n d y  s i l t ,  p r e s u m a b l y  f i n i n g  o f f s h o r e .  T h e  s h o a l s  o n  t h e
n o r t h w e s t e r n  s i d e  o f  t h e  d e l t a  p r o b a b l y  c o n s i s t  o f  b e t t e r  s o r t e d ,  s a n d y
sed iment .

T h e  p r o d e l t a  i s  c h a r a c t e r i z e d  b y  e x t r e m e l y  g e n t l e  s l o p e s  ( t y p i c a l l y
1:2,000) mark ing  the  d i s ta l  edge  o f  the  deltaic s e d i m e n t s  w h i c h  e x t e n d  u p  t o
1 0 0  k m  o f f s h o r e .  S e d i m e n t  i s  i n i t i a l l y  d e p o s i t e d  f r o m  s u s p e n s i o n  i n  t h i s
e n v i r o n m e n t ;  h o w e v e r ,  w a t e r  d e p t h s  a r e  s t i l l  r e l a t i v e l y  s h a l l o w  ( 1 0 - 2 0  m ) ,
h e n c e  m u c h  o f  t h e  s e d i m e n t  i s  s u b s e q u e n t l y  r e w o r k e d .  E v i d e n c e  o f  s u c h
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r e w o r k i n g  i s  c l e a r l y  d e m o n s t r a t e d  b y  t h e  un’usual  p a t t e r n  o f  t e x t u r a l
p a r a m e t e r s  d e s c r i b e d  b y  McManus et al. ( 1 9 7 7 ) .  T h e  s o u t h w e s t e r n  m a r g i n  o f
t h e  p r o d e l t a  s e d i m e n t s  ( a d j a c e n t  t o  t h e  l a r g e s t  d i s t r i b u t a r i e s )  c o n s i s t  o f
w e l l - s o r t e d  s i l t y  s a n d ,  g r a d i n g  n o r t h w a r d  t o  m o d e r a t e l y  s o r t e d  s i l t y  s a n d
and  eas tward  t o  poor ly  so r ted  sandy  s i l t  and  silt. T h e  p r e s e n c e  o f  s a n d y
sed iments  in  the  wes tern  par t  o f  the  prode l ta  appears  t o  be  in  par t  the
result of resuspension removal from Norton Sound by the relatively high f low
v e l o c i t i e s  w i t h i n  t h e  A l a s k a  C o a s t a l  W a t e r  (McManus  e t  a l .  1 9 7 7 ;  N e l s o n  a n d
C r e a g e r  1977).

IMPLICATIONS

T h e  m o d e r n  Y u k o n  D e l t a  h a s  s e v e r a l  d e p o s i t i o n a l  e n v i r o n m e n t s  l a c k i n g  i n
de l tas  f o rmed  in  more  t empera te  c l imates . T h e s e  d e p o s i t i o n a l  e n v i r o n m e n t s
a r e  b u t  o n e  i n d i c a t i o n  o f  t h e  e x t r e m e  seasonality  o f  c o a s t a l  p r o c e s s e s  w h i c h
p r o b a b l y  c h a r a c t e r i z e  m a n y  h i g h - l a t i t u d e  c o n t i n e n t a l  s h e l v e s .  T a b l e  1 is a
p r e l i m i n a r y  a t t e m p t  t o  a s s e s s  t h e  r e l a t i v e  i m p o r t a n c e  o f  t h e s e  p r o c e s s e s
within each environment. The ability to predict the types of processes as
well as the sediment characteristics and geotechnical properties which char-
acterize each environment, should greatly aid in minimizing both the costs
and environmental impacts of siting both offshore and onshore structures.

The delta also provides a modern analogue  for older deltaic sediments
f o r m e d  u n d e r  s i m i l a r  t e c t o n i c  a n d  c l i m a t i c  s e t t i n g s .  I n  p a r t i c u l a r ,  t h e
r a t e s  o f  p r o g r a d a t i o n  a r e  m u c h  g r e a t e r  t h a n  t h e  r a t e s  o f  t e c t o n i c
s u b s i s t e n c e ,  h e n c e  t h e  t h i c k n e s s  o f  i n d i v i d u a l  p r o g r a d a t i o n a l  s e q u e n c e s  i s

Table 1.--Preliminary summary of nontectonic  geological hazards of the modern Yukon Delta.

Deposit ional
environments

Delta plain

Active distributary

Abandoned distributary

Interdiatributary marsh

Coastal marah

Delta margin

Distributary mouth bar

Tidal flata

Sub-ice platform

Sub-ice channela

Delta front

Prodelta

Flooding

High

Moderate

Moderate

High

High

High

N/A

MIA

N 1A

N/A

Ice scour

Moderate

Low

Low

Moderate

Moderate

Mod-High

Mod-Low

Low

High

Mod-Low

Sedimentation

High

Moderate

Low-Mod

High

High

High

Variable

High

Variable

Moderate

Erosion

High

High

Low

Variable

Low-Mod

Low

Variable

High

Variable

Mod-Low

Permafrost

None

Low-Mod

Low-Mod

Low

Low

Low

None

None

None

None

Liquefaction

High

Mod-High

Mod-Low

Low

Mod-High

Variable

Variable

High

Mod-High

Low-Mod
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limited by the water depths of the d&positional basin (Fig. 6B). This
results in the formation of a blanket-like deposit, a few tens of meters
thick and thousands of square kilometers in aerial extent. The distribution
of the sand-rich deposits also differs from most previously described delta
models. Much of the delta plain consists of a complex pattern of radially
bifurcating distributary sand; however, many of these well-sorted sands
extend tens of kilometers offshore, having been deposited in sub-ice
channels. These deposits represent offshore extensions of potential
reservoir rocks. In addition, some of the coarsest, best sorted sands have
been deposited not at the shoreline, but rather in water depths of 2-3 m at
distances of up to 30 km offshore along the outer margin of the sub-ice
platform. These sands should form a blanket-like deposit which may provide
another potential reservoir. The textural and mineralogical composition of
the sediment significantly affects the post-depositional history of the
sediment. The lack of primary clays, particularly in the prodelta deposits,
results in relatively little soft-sediment compaction and deformation;
however, the abundant volcanic rock fragments may undergo diagenetic
alteration to form an extensive matrix of secondary clays, thereby
significantly reducing initially high porosities and permeabilities. In
summary, the failure to recognize the unique geometry and sediment
characteristics of deltaic deposits formed in the ice-dominated environment
could result in serious errors in estimating the reservoir potential of
older rocks.
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